This Society is. not responsible for any statement made or “opinion ‘expressed 


Letting Construction Work by Bidding 
By ‘EDWARD W. BusH, M. Am. Soc. C. E 
Pumped- ‘Hydro- Electric Plants. 
By WILLIAM W. K. FREEMAN, Assoc. M. Am. Soc. 
Economic of Various Types of Road ‘Surfaces : A 


‘Horizontal Control in Surveying: Preliminary Report of the Committee of the: 
Surveying and Mapping Division on Horizontal Control = 
‘By GEORGE L. HosMER, M. Am. Soc. C. E 


Reports « of Committees of of Technical Division 


The | Science of Foundations-—Its | Present and Future. 
me By D. P. KRYNINE, M. _ Soc. C. E 


_ Analysis of Arch Dams by the | ‘Trial- Load Method. 
‘By MESSRS. FREDRIK VoGtT, and A. FLORIS. 


‘The Compressibility of Sand-Mica Mixtures. 
E 


D. P. Krynine, M. Am. Soc. 


Silting of the Lake at Austin, Texas. 
MEssrs. R. F. WALTER, WILLIAM L, and R. I. MEEKER.. 


Continuous Beams Over Three Spans. 
‘By HADLEY, ASSOC, M. AM. Soc. C. E.. 


(ESSRS. M. GIANDOTTI, R. D. GOopRICcH, Cc. E. . GRUNSKY. 
Administrative Water Problems: A Symposium. 


4 THOMAS R. NEWELL, Assoc. M. Am. Soc. C. 

‘Trans- Mountain Water Diversions : A Symposium. = 

By Messrs. B. F. JAKOBSEN, and PAUL M. 

odernizing the Suburban Transit of the Metropolitan ‘District. 
By MEssRs. JOHN A. MILLER, JR., DANIEL L. TURNER, BILLINGS WILSON, 
LaAvis, GUSTAV LINDENTHAL, and CHARLES EVAN. FOWLER 


Harry O. ‘Woop, R. 


M. GREEN, HARRY O. . A. SUTHERLAND 


By Messrs. HAROLD M. Lewis, W. W. CRosBy, W. C. SAWYER, WILLIAM 


°C. REEDER, and WILLIAM T. LYLE 


Lt Final Report of the Committee of the Structural Division on Florida Hurricane. 
_ By Messrs. F. O. Durour, and T. L. CONDRON 


JOHN TONER BARR, Soc. 
WILLIAM TITCOMB BLUNT, M. 
WALTER WOODBRIDGE M. AM. Soc. C. E. 


FRANK JAMES HUBBARD, M. “AM, Soc. E. 

Grorae NAUMAN, M. AM. Soc. 
Stureis HoopER THORNDIKE, M. 
Howarp PAvuL BayLy, Assoc. M. AM. co 
ALFRED LEVY, Assoc. am. Soc. C. E.. 


4, 


2628 


2611 


— 
— 
2477 
| 
4 
— 
7 
2543 
24 
5S 
5 
all 569° 
2581 — 
25837 


4a 


¢ af 4 


te 


e 
see the second | page the ‘cover. pr 
of con 


A 


28 


—— 
‘Bet vie 
— 
— 
We 
As 
— 


AMERIOAN § SOCIETY OF CIVIL ENGINEERS 
19920 


PAPERS AND DISCUSSIONS” 


Society is not “responsible f for. any made or 


‘This paper is an economic study of some of the a ye in 


ivy preparation for, and the actual letting of, construction work by the method 


competitive ve bidding. The ‘Parts or ¢ elements co: considered 
allies —Preparation « of the Contract, Specifications, D Drawin ings, and Bond. 


‘The endeavor is made to briefly a set principles which, if 
‘week will assist in g giving the owner the maximum value for the money a 
-expended in construction | work and, at the same time, leave a profit for the : 
contractor commensurate with the ability exercised in the performance of so 
contract: and with the risk assumed in being bound to produce the work for 
the contract price. _ The o owner supplies the funds, without which no construc- — 
would be performed, and the contractor and his surety carry the 
-inherent - risks of the construction operations; ‘it is uneconomical and against 
ple best interests of all those engaged in the industry if any of 1 these parties, © 
y 
or the « engineer or architect, seeks to deny o or withhold from ¢ any of the other 
Parties the full value, protection, or profit that should rightfully accrue for 
part in the undertaking. -owne! ner, the > contractor, the surety, and the 
"engineer or architect. are component parts more or less leaning for. support 
all others. There is need of better harmony of effort. Perhaps this 


will lead to a better understanding among these parties. 


Notr.—Written discussion on this paper will be closed in in February, 


ig? * Presented at the meeting of October 3, 1928. 
Engr., Actna Surety Co., Hartford, 


| 
— 
— 
j 
© 
A 
— 
at 
a 
7 


_ LETTING CONTRACTS BIDDING Papers, 
INTRODUCTORY 


i. general, the paper r supplements matter which has received the attention 


oof many members in recent years.* — Since 1917 the writer has reviewed a 
lenge number of contract documents, advertisements, bidding instructions, 


never 
k ete, on all kinds of construction work in all parts of the ‘United States, and subjec 
4 7 has been n strongly impressed with the the great diversity of | methods i in 1 vogue on Frequ 
¢ matters” concerning which any group of engineers or architects should reach tract, 
, _ practically the same conclusions. 1s. Many | of these procedures might affect the langu 
contract price to an amount of, say, 5 to 25%, or even more. 


To illustrate: An engineer received bids on millions of ‘dollars 
a worth of public work | without even drafting a form of contract. — The he specifica- 


tions and drawings were very ; sketchy, and the work was let to a company that 
tendered an an informal bid on a new process which had never been. tried on 
work of this size and character, and on which bids had not been mel 7 
In ‘reality, the contract was let without competition and all the formal bid- 
ders had their trouble for naught . The high character of the engineer pre- 
cludes any collusion; but it was a queer way to expend the public’s s money. a 


In many cases the engineer ‘and the | owner word the: contract so 30 that ‘the 


‘contractor becomes financier as well, because he must. accept bonds « or ware 


extras 


rants at par in lieu of cash. © Naturally, he must conclude a eles agree- been ; 

some strong: financial party for the discount of the “owner 

he can prepare his bid. The owner may think he is borrowing - the money at the cl 

‘a nominal interest rate, whereas he may actually be paying a very mah In 
higher r rate, but ‘ily but the contractor, his banker, and his ‘surety knows [§ clear- 

it. _ Another variation of this is compelling the contractor to ays the unsold prices 

portion of securities issued to finance private construction. this vicious betwe 
‘practice 1 many a contractor has been forced into. bankruptey as the 1 market for Ig tracto 


the securities is saturated bef; before he gets his securities and Be’ cannot se the 
als ‘A certain architect pi prepares contract, specifications, and 
“that the bidders | know exactly the amount and kind of work and materials 


required, hence the bids | are always low and close. He gets ‘the most f¢ for the 


owner’s dollar. Another architect, doing e same class of public work, i 
known to furnish incomplete drawings and specifications and may ‘change ont 


without the other. They leave much to the imagination, hence bids vary 


greatly. Contractors who have done work under him are seldom the low 
bidders on new work. — One such experienced contractor was the second | bidder 
ona $1 500 000° job and $30 000 above the low bidder. The latter got the 
mt contract and collected more than $100 000 “extras” at completion. At times, 


3 it is doubtful whether he expends the owner’s money economically. = 


: _ * The Society’s Special Committees on Construction Contracts and on Engineering Con- 
tract Bonding have been engaged jointly with others in drafting the ‘‘Standard Contract for 
€ Engineering Construction,” and the ‘‘Standard Questionnaires” used to determine the respol- 
sibility of a contractor, Proceedings, Am. Soc. C. E., March, 1926, Society Affairs, pp. 223 
and 259, respectively ; also, some of the members assisted the “Interdepartmental Board of 
Contracts and Adjustments,” U. S. Bureau of the Budget, in preparing the standard col- 
tract forms now used by the United States Government; Frank T. Sheets, M. Am. Soc. C. 
has presented a paper on ‘Qualifications of Contractors on Public Works,” Proceedings, Aw. 
i. Soc. C. E., April 1928, Papers and Discussions, p. 1021; and Ward P. Christie, Assoc. y 
ia | Am. Soc. o. E., a paper entitled ‘‘General Contract System versus Segregated Contracts,” : 
Proceedings, Am. Soc. C. E., February, 1928, Papers p. — 
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LETTING C NTRACTS BY COMPETITIVE BIDDING 


tHE ConTRACT, IFICATIONS, Dr AWINGS 
contract forms give + allem tes timony ¢ o the fact that their authors 
never analyzed them. _Inconsistenci ties abound largely because the same 
subject- ‘matter is. treated in several places. Many contracts are too verbose. 
Frequently, ‘similar. matter is given in the instructions to bidders, | the con-- 
tract, and the ‘specifications. To express the same thought twice in the same 


language is useless eee | ‘and to express it in different languages is to. 


om the risk of confusion. Therefore, the following principle is evident: ie 
T any ‘subject in only one place i in the contract documents. 


Nobody e: can n see very fox or into the earth. As ‘the owner | 
‘may change his mind after the | contract is signed, every “contract should be 
drawn with the idea that several changes will probably be canlibe: Changes 
lead to claims. for extras; hence the document should be worded. 80 that a any 
change is bys each | party, and | an 


extras a are pr essed. Ifa contractor p presents a claim months after the work 
jad 


been performed, submitting a mass_ of records” favorable to his position, 

owner and his engineer are ata disadvantage because they, not knowing o 


‘the he claim, have failed t to gather « evidence on the case. 


Th one contract. form used on a large volume of public work there are no 


re cut distinctions between (a) increase in quantities to be paid for at bid 


i 7 ] Wi k; d d a é 
prices ; (b) ) “cost plus’ — an (ce) ad itional work at a price ‘to be agreed 


Wit 
between the engineer and contractor. _ Probably the unwillingness of con- — 
tractors to start trouble with those who. can give them. subsequent work, pen 
the fair- minded interpretations of the engineers, explain why trouble has -_ 


-eaused this form to be clarified. Hence, the principle: A 

(2) provi ide 2 a means for a 4 
an ‘extra” must be promptly declared. — sit 4 


Whenever doubt exists as to the | exact volume, _ kind of w work, and — 
i. contractor is apt to estimate the most expensive method or amount. se 
cannot afford to do otherwise. ; Any uncertainty in the « contract leads 3 to either 


7 higher ‘bid than i is economic or to a claim for extras, depending on whether ro 
the contractor is called on to produce ata cost less or more than he figured on. aa 
The phrase, “as directed by y the engineer, (or architect)”, cost owners 


has cost owners By - 4 
pretty penny in the past. i A well thought out and detailed plan always indi- ian a 


cates to the capable contractor that the engineer is 3 competent and one with 
whom there is but little chance for | disagreements. _ The next principle natu- 


olf toed sd? of vd ben oid 


Every ti an is removed the price is lowered. 

y contractors are fully competent to supply | an expert knowledge on 
construction — matters far beyond the ordinary 


working knowledge of 
the engineer or architect. Often the r sults des 


pecified instead of 
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LETTING “CONTRACTS BY COMPETITIVE BIDDING 
methods, and materials; but it is unfair hold contractor 
responsible for both. 1 To do so is to make him and his surety guarantee that. 
the engineer or wlhtient knows his business. The best current practice tends 


to be specific. This gives the contractor a ‘more exact job to estimate, also. 
Therefore: 
put meverboth 
Reasonable tests or guaranties the owner is ‘getting th the results desired 


are proper | when results are specified, but unfair if workmanship . and ma- 
terials are delineated. If the owner decides to use a special process or product, 


let him accept the guaranty of those promoting it instead of compelling the 
to assume the responsibility as is so often done. guar- 


correctly ‘the volume and kind of traffic the road must « panne y later. . After the 
contractor has completed the work in accordance with the terms of the con- 
tract his responsibility should end. -Guaranties that run for a term of ae 


imerease the price and decrease the number of bidders as contractors do al 


wish to carry an open liability. Accordingly : 


ae In general, do not require guaranties from ¢ contractors where work- | 


fo mapa and materials are specified. If required where results 
specified, limit the guaranty to those things ‘directly under 


ti a ask the | contractor to assume a risk int: might better be taken by the 


bid price. The engineer may ay have months to study the ‘proposed. 
7 construction, whereas the contractor has only a relatively short time to decide 

what effect, if any, these things will have on the cost. In many ‘cases, it will 


‘pay the owner to remove some of these ‘uncertainties in advance of 

“f (6) It is ‘uneconomical to hire a contractor to carry a risk which the 


aa oll Most State lien laws compel the owner to: meet unpaid | labor rand material 
bills if the contractor is unable or unwilling todo so. A sub- contractor's bill 


falls in this | class. These lien laws vary an the several States. 
are grossly unfair and against the best interests of the construction 


industry, and hence a joint | conference has been drafting a uniform statute - 
Lien laws are not enforceable against a State or the Government, so it has 


_ been the custom t give Government contractors same protection: a 


is open to question. “This ia! makes it easy the 
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in LETTING CONTR RACTS: BY COMPETITIVE BIDDING 2441 


"e ‘Tn all States xcept one or two, contractors have the full. right to take 


-money paid on one “contract to retire indebtedness incurred on another, to 
| ieee the stock market , or ‘otherwise to expend it—and some of them do so. 
the few States which word the contract and bond Hiability that the surety. 


is not | liable for unpaid labor | and material bills, the cost. 
bond i is only about two- thirds of what it is in the States where the liability is 


covered by the bond, because the unpaid bills generally represent a consider- Fg 
a able par t of the loss assumed by a surety when a default occurs. Hen yt 


oa) | rn ) On State and Government contracts, removing the surety’s liability _ 
for unpaid labor and material ‘bills, will lead to a 9 
reduction in the premium charge for bonds. 


Plant or equipment (the words are used interchangeably), ‘is 


he needed by the contractor. for” construction but ‘not. left i in 
te structure. . Usually it not wear out on one job and frequently its: cost 
he when starting a new kind ‘of work will equal ac considerable percentage of 


the « entire contract pr price. . There i is no reason why public works commission — 
should be more interested in seeing that the of the plant receives his 
pay than the seller of a piano, automobile, or anything else ‘purchased by the 7 
“contractor. Still, a form used in many important public | contracts provides 
that the 2 contractor must pay all | equipment i bills and that otherwise the ‘surety 
is liable. In fact, many forms go so far as to state that if the « contractor does 
not pay these bills the owner will do so and charge the expenditure as a 
“ment on the contract. ‘Thus, nothing “may prevent the irresponsible bidder 


from getting all his bills for labor, “material, and plant guaranteed. | Het trusts 
to luck t that he will make a profit, but cannot lose much because he 


(8) ‘Remove all protection | on to sellers of equipment, a irre- 
sponsible contractors an unfair credit. fhe. 


In many contract forms: the e drawings cannot be listed d or identified, and — 


: many y drawings lack a date and title which ties them to a specific “contract. 


ins a different way, many forms do not recognize this fact ‘nor attempt 
“tecord the status of the party signing. Sometimes the contract | price 
‘not appear in the contract, but a reference is_ made to a bid having been n 7 
pill tendered. Frequently , no “mention. is as to which alternate bid is 

ates. accepted. lax way of letting construction is not limited to that 
stion handled by inexperienced engineers and architects as. much ¢ of it comes from 
tute. "supervising officers that know, or should know, a better way. engineer 
, has J fails to discharge his full professional obligation, unless he sees that the 


they | “contract 1 form and drawings will « cause his eli client, the owner, no embarrassment 


Prepare each contract with the ‘idea ‘that 1 it bard go into Court. 

lying bya clause in most contracts, the contractor and his surety guarantee to 


“save the owner harmless from all claims arising from the construction opera- 


ry | 
tions, patent infringements, ete. of these clauses are decidedly unfair 
try to make the ‘contractor responsible for patent 
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“CONTRACT BY COMPETITIVE BIDDING NG [Papers. 


on methods o or ‘material specified by the ow ner as well as. on those for which t 


the contractor himself is responsible. This. leads to the princi iple: 


(10) Do not word the “save the owner harmless” and “patent” clauses 
so that ‘the contractor must risks beyond his control. 


is a “decided in binding together the contract, general In 


conditions, specifications, r educed scale copies of the bond form, ete., tota 

Ss many persons are properly interested in every construction work of any mat 

size, and should have the of receiving the full information. 

men and sub-contractors should | be bound to the main contractor with all the oof ti 


obligations that bind him to the owner; the ter ‘ms of payment i dere the > 


_ ‘price bid by a sub-contractor; and the surety is interested in learning the § the 
exact conditions of all parts of the contract, specifications, and before | trae 


_ agreeing to assume the suretyship. ‘The best way is to give all of them the assis 
eontract documents bound together; when separated, there is always the risk 


submitting only a part 0 of th the proposition. own 
ee is difficult to hold a sub-contractor or , material 1 man when he has made -initi 


a losing contract, and he is apt to claim the contract voided if the metho d of 7 ~ earr 


‘aig payments | deviates in the slightest from what he had in mind when star 
the agreement was set ‘up. Details -_yegarding the payments generally ‘appear 


in the general conditions and these should be attached to the specific 


tions when copies of the latter are given out. Contractors experience grave 
_ financial difficulties | at times because of having to pay 100%, to material men 


“items, and all because the material men bid ‘on the specifications 


the complete contract documents. It is not sufficient to state in the specifi- 
cations that a certain standard form of contract and general conditions will | 


: be used, as it is always possible to insert a typed page in such a form ; also, 
all such forms have places wherein. ee entries will be made. Therefore: 


bon sige It is desirable to bind in one document the contract, general con- 


he - ditions, specifications, and bond form, also small- scale drawings. — 


Constructions supervised | by engineers are in general partly paid for 
monthly: by unit prices applied after ‘measuring the actual work performed 
during the preceding month. Constructions supervised | by a 7 
7 erally paid for on a Jump- sum basis and, as no accurate unit quantities have 

~ been computed, the matter of monthly payments is not so easily determined. 7 
‘the contractor submits a monthly statement of expenditures for w work — 
and materials which approved the architect becomes the basis for 
payment. method | works: well if the contractor is making a profit, 
if | a loss will occur it may lead to the over- payment of the contractor, and 

: the « owner may be holding : as retained percentage his own mon money instead of 
funds already earned by the contractor. A much better practice is to have" 


the contractor as soon as | s the contract is. signed submit a schedule of all the 


“component parts: of the work with prices attached, total. of which 
1 the Tum sum contract rice. ‘Thus: pers 

(12) On all lump- sum quantity survey, with adequate prices 4: 


attached is needed to assure the correct the partial 
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Pap aper 8. L ONTRA CTS BY COMPETI TIVE BIDDING 


7 “retained oeiiiait is. a fund earned by the contractor ‘but withhe 


the owner as a safeguard in case of default. 1 


lished practice has been to keep back a certain percentage, 


the per — is only Ww ithheld om payments o on first half of the work. 

In su s, just before completion the owner would hold about 5% of the 
total price as against about (10% under the older method. 


ak 


om of fact, creditors push a contractor harder near the end of. a large 


job (perhaps realizing that a loss is imminent) than. during the earlier _ 


ae the work when the contractor may be optimistic regarding a profit. 


ha A bank that extends a large credit early i in the operations will insist that - 


the indebtedness be reduced as the work ] progresses and. will compel the con- 


- tractor to return a considerable amount from the monthly payments, or to 

assign payments. — The bank is in a position to make a good guess as to con- 


ditions | near the end of a contract and will always turn this knowledge to its ig 
adv vantage. Most contractors on large work must make a considerable 3 


“initial i inv estment when starting a job before the payments are sufficient to 


carry the work, s so the owner runs less risk in making liberal payments at the 


than near the end of a job. _ During the time an existing contract is 5 


rake: 


another reason why the to retain the full percentage. near the | 


nearing completion a contractor may be just starting a new job, and. this is” 


a (13) More defaults occur near the end than near the beginning of a 


“adil contract, therefore the owner needs to retain a greater reserve near 


Any ‘reputable surety company desires to be kept fully advised on the ‘hl 


o gress of the work covered by its contract bond. ya At times, it can e exert a 


considerable influence on the contractor to keep tins moving along to ‘ae 
pletion, and it will refuse to bond him on new work if the old work i is going 


badly. would serve the best interests of all concerned if the engineer 
architect would promptly notify the I home office of the surety of ‘unsatisfactory 
Progress or pending default. %y A good lawyer er will always advise the owner 


in the face of of any thing in the contract that. 


t desirable ‘to obtain 


interest. Often it is difficult for the surety to obtain accurate infor- 
mation as to pi ‘progress and this would be obviated if the engineer « or architect. 


would send to the Home Office of the surety a carbon copy of each ‘monthly’ and mn 


(14) Send to office of the ‘surety a of ‘each monthly esti- 


mate; also obtain from 
In most contract forms the authors fail aaa, recognize that the “limits” 
End kinds of insurance are just as important as. ‘the i insurance itself. Tf, a 
_ Person 1 using the streets is ‘injured by an employee of a contraetor very heavy 
the contractor rif a is started. Judgments: for injuries 


i amages might be recovered ; : also, the owner may be named as co- -defendant 
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2444 LETTING CONTRACTS ‘BY COMPETITIVE BIDDING 


becoming larger ~ larger each year and.the owner many need the | protection — 
of a policy having “limits” of $30000 and $60 000, whereas the “limits” | of 
the policy actually _ obtained may only be ™ ‘minimum $5 000 and $10 000. q 


Carefully the limits as well as the kinds of insurance 


protection needed by the owner and 


suretysh 
drafted 
is really 


full pro 


An engineer may have several months i in 1 which to prepare a job for com- form. — 
petitive bidding, w whereas the bidders have a comparatively | short time in which | Sg 

to become familiar with the terms and details of the proposed work, ‘The alout=— 
bidder adds nothing for - contingency 01 on an obscure point if there is none. On| 
unit price contracts it is desirable to take up each item or classification and The 
The 
tell all about it; thus, ‘the entire job is analyzed for the contractor and i in facey 

such a way that he can price ‘each item with the minimum effort. With this | 4 the obi 
method the customary clause should t be included stating that the contractor dlicat 
is ‘obligated to produce a complete structure; ‘and that the costs of “parts, 
general expenses, etc. ‘not specifically ‘enumerated in the unit items, will 
obligat 
_ borne | by the contractor and are to be included i in the prices bid on the regular : ini a pe 

contract items. The method will also p prevent disputes on wrong classification 
during the construction period. Hence: 

age contracts separately consider each bid item a 
sequence, telling where it is found, the amount at each place, with 

also, there is a greater chance for disputes. In many cases more and better —" 

e drawings will lead d to lower bids. Isometric ‘perspectives will often add con- yt 
aken 


siderably: to the ease with which the entire p project is assimilated by the 
_ bidder, and by the superintendent who later builds it. In other words, wi 


little ‘extra effort on ‘the drawings ‘more than 


simplest form: of bond is that guaranteeing the completion of the 


work in accordance with the terms rms of the contract, also s saving the owner | 
against liens, claims, loss, or damage due to causes: within: ‘the 
control of the contractor. This will owner all the protection 
needs. The surety companies, however, ‘seldom draft the bonds and fre- 
quently a form is presented that greatly increases the hazards of suretyship. 
‘Some forms double ‘the | premium charge without adding any benefit. to the 


surety company always wants to know the exact wording ig of the 


conservative underwriting that the obtain this information. 
One standard form of contract states that the bond required will be ‘ 
‘such weaned as the owner may and the surety is left in ignorance 


migtit be drafted a simple band form was 
_ A certain extensively used bond form States that the contractor shall 


“satisfy all ‘claims and demands incurred for the same”. If these words were 
the ase “for which the e owner may be held liable”, the lia ability 


oe 


pPapers. | 
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would be understandable; or if 
‘and pay all bills for labor and materials used « on work”, a 


suretyship liability would be created. It is doubtful whether the who 
drafted this form really had a clear idea of what he was doing. The nna 


is really paid for by) the owner and it should be be drawn 80 that he receives 


full protection and no one else. - For many ; years a certain. State has saved 
just one-half on its premium charges merely b by adopting the proper bond 


as) Include the bond form with the papers" given to prospective 
bidder, and word it so that only the owner who pays for it will 


_ The introductory | part of many contract forms defines words like “guar- oo 
anty” “surety bond’ ”, ete., _ and elsewhere i in the contract are clauses describing _ 
the ibiigution of. suretyship. The bond form itself generally describes this 
obligation. In reviewing a number of contract documents the writer 
has noted, almost without exception, that the different descriptions of the © 


obligation always: disagree. From ‘time immemorial bonds have been worded = 4 


ina peculiar negative manner, and this s language i is s not the kind that i is readily 7 


‘oft (19) The place to delineate of is in the bond 


‘without “competition an | at attractive prices contractors 
some day to be in this class), most work is contracted after competitive ‘Wiling ce 
has brought the price down. plan works a is 
taken for the owner's protection, 

‘money is spent, and the volume ae bond aan on private el is com 


ow hen a surety issues a contract sie ie a contractor it extends a credit 


to him because it increases his financial strength for the benefit of the | af 
in relation to the work bonded by an amount equal to the penal sum of the — 
bond. A contract bond does not guarantee the owner that the contractor is” 
responsible although many of the criticisms aimed at the sureties in recent — 
Years have assumed this. The obligation of f suretyship is fully discharged by 
é. monetary ‘payment made to the owner - after he has suffered a loss caused by — 
the contractor failing to discharge his It is meces- 4 
“sary, however, for the surety to determine the contractor’ 8 responsibility for | 
its own protection before : assuming the contract bond obligation. — Failing to 
do this, the surety will suffer the inevitable losses that go with careless ux roel 
"writing. 5 _ Others may form an opinion on the e responsibility r of a contractor, 
but they not back ‘the opinion for the benefit of the owner the 


surety. company when it writes a contract bond. 


that the owner will receive the surety’s that the work is being 


formed ecordance with the plans and specifications. ‘This would. 
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[Papers 
trespass on the professional : services of the engineer or architect and is is not a s oe 
function of ‘suretyship. Tt is an unworkable ‘schem 4 ¢ td 
or $1 


‘Surety companies are constantly. dealing with’ claim cases” and their 

investigations generally disclose” the causes of failures. Strange as it may 

seem, the inexperience of the contractor and the inadequacy of the contract 

: price, while important elements, are not the principal causes of defaults, a 


the. sureties pay ‘many of their largest losses on contractors who are the « 
= and apparently were very Ww ell. qualified + when the bonds \ were written. than 


Over- extension, or taking on. more work than is warranted by the contractor's cont 


organization, plant, and financial strength, is probably “the single info: 
cause of failure. contractors | plunge on real estate and otherwise tie to 
up their capital in speculative investments | where it will ‘not work for them bi 


needed to turn a financial corner. The defaults of important sub- _befo 
contractors or failure to get labor and materials for the prices estimated, have #1 


caused many contractors to fail. 4 ‘It has even been stated by some contractors adv 
that the high cost of educating young engineers. and architects in the technique ‘gray 


construction work has kept many from ‘their profits. There are tion 
on! beer 
signed, end, yb this, the surety. companies ll ‘re- letting defaulted 
_ contracts almost invariably require for their protection contract bonds exe 
+ 
gated by other sureties. They know the protection is worth more than the 


(20) The owner will “receive the maximum value for his 


expenditure by letting work after fair competition and requiring 


<2 


The purpose of the “advertisement is to attract bidders. ‘Therefore, it 


| 


should be worded so as to show prospective bidder whether or not 
- should spend the time and money necessary to investigate the project. A 


~ “a glance at the advertisements i in any technical publication will prove that many 


of them fail to meet this requirement. contractor will probably make 
lower bid when the job fits his organization and plant because he knows just 
t costs have been on similar work, and he ‘may have just the plant 
a needed. It is expensive to investigate prospective work, and this “over-head” 5 
only paid for from the jobs that are obtained. Anything that will reduce 
Recently, an engineering paper carried iho ‘pleiialiiaatiin side by side for 
—- public work. One briefly gave the location, d described the work, 
and the amount of each kind to be done; also it mentioned that the details: 
_ be obtained at the site (which was remote from the head office. of the 
"organization letting the work) as well as at two other locations convenient to to 
bidders. ‘The approximate bid. ‘price could: easily be computed : and the 
plate bidder would know at once 1 whether he should investigate. The other 
4 job was located at least two days’ journey from the office where ‘the details 
Bt could be obtained after depositing $25; no plans were available at or near the 
4 —- gite, and it is thor that most of the prospective bidders were remote from 
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where the plans « could be obtained. hether job w ill amount to $100 
or het 000 000, is left, ‘to the “imagination, While advertisement does | give 


nay ee 
the site or at the’ distant main office, 


ori- the contractor is apt in La a bid, anyway, even although, the job is 7 
om, than | he can finance; therefore, the advertisement should indicate the probable — 
or’s contract price. The s surety companies also would greatly appreciate this” 
gle “information because nearly every experienced contractor approaches his | surety 

tie ‘to ascertain whether a performance bond could be obtained, before putting in i. 

em a bid on a large ¢ contract; and often, the surety is s asked to pass ¢ on the ‘matter 

ub- before: the contractor is ina Position to make his own approximate ‘estimate. 


tors information to ‘he in tlie! advertisements ‘bidders, and tele- 

que graphic submissions of bond cases often refer the surety to certain ‘publica- 


are fe tions for details. _E very time a surety authorizes a bond that should not ‘tin 


ke been authorized or fails to 0 authorize one that should be written, the best inter-— 


‘ests of all concerned suffer. nv 


The following form of advertisement is suggested: 


wner) receive, publicly open and read, bids at 


(Here insert a paragraph giving location; accessibility (if desirable), and 7 
per ig in narrative or schedule form of the principal parts, items, - Re 
quantities. Include any pertinent facts regarding local conditions, the type 
of construction, the materials to be used, the size of buildings, ete., that will 


bd ‘the contractor in determining whether his previous experience, p lant, 


organization, and financial strength makes the work attractive to him.) 


ha _ Approximate estimate of bid price between $............ and §.. ete 
check or bid bond of $............, required, and 
will be $........... (or ....% of contract price). After ......(date) ..... 


: the plans, contract, and bidding { forms can be obtained from above ‘mentioned 


ahi (a) It is to the owner’s advantage to word the advertisement so the 


a Fv eek bidder can tell whether the proposed contract will fit his warciea 


experience, plant, ‘organization, and financial strength. 


h In the * “Information for Bidders” is the place to state that the ri right is 
-Keserved to to ‘reject any or 1 all bids and to ‘tell the bidder where and chow i 


| will be received as well as what evidence, if any, che must present to 
“ality, for the contract, should it be awarded to him. The contract later to 
be set up ‘a’ supposed to be a fair “meeting of the » minds”; hence, anything 


told the bidder in the “Information” that influences his conception of the pro- 
: posed work, has much the same virtue as if included in the contract. : 


believed Courts generally held this view... 
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Certain c eleuses.i in the general of the contract, as on the bidding secur 
ie - _ security, time allowed for signing the contract, ete., , could with propriety be to obi 
a8 transferred to the “Information for Bidders”, , thus properly confining the con- the b’ 
ract proper to matter r describing a method , detail, part, or condition of the bility 
consideration that one ‘party gives the other. Hence 
contract forms would be improved if. clauses on subjects 
which are active before the contract is signed were placed in 
“Information for Bidders” instead of in the contract. tities 
prospective Miler, pri in obtaining informa- of bie 
tion about | local conditions and whether or not alternate or informal bids will Jj easy 
entertained by the owner. tis decidedly unfair to let formal bidders for a 
== their time and money preparing bids and then to award the contract may 
to some informal bidder. the o owner is dissatisfied | with the method he has struc 
7 specified and wishes to. exnaiiier another one, the fair thing is to re reject all “desir: 
| bids or postpone the letting u until all bidders ¢ can submit amended tenders for but 1 
aot ay Each prospective bidder should receive all the information given bri, 
to. any other bidder; and have the same opportunity to submit 
es, One of the best ways to minimize over- -extension would be to give the must 
"prospective bidder a chance to limit the volume of new work he could receive is a 
‘S any letting, provided bids are taken on more than one job. _ The owner price 
“| ‘thus secures more competition per job and loses no economic advantage. Ee he veys 
oe contractor is , benefited because he has a better. chance of. getting a job when the : 
large volume of work than on only the additional quantity only 
Permit bidders to limit” the amount t of new work that may be and 


ings where materials like sand and crushed stone are e staple commodities with 


fixed p1 prices. Many jobs supervised by engineer are at ‘remote places 


even the water supply may i influence t the cost. AN specifications eall for ‘ “clean 
a 


and sharp” sand; but many localities cannot produce such + a material although 


the local sand has been used s atisfactorily. _ The engineer | will secure much 
lower’ if all local sources 3 of materials are investigated in advance. The 


> 
+ 


a ie engineers would have saved a very large | sum, elit. several hundred 
. Principle (3) is. also. ‘pertinent to this subject. The best 


oth, town (25) Investigate local facilities and materials and furnish ores informa- 


Among contractors, engineers, architects, there isa tacit 
“tig that the owner will proceed with the award within a reasonable time after 
receiving: bids but « every now and then a a contractor finds himself the low 
_ bidder with no ‘definite | idea: of when, if ever, the. contract will be signed. 


Such a a delay i is unfair as he hesi ates to bid on other work ; also his bidding 
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security is still in the hands of the owner, and it may , be difficult | or wr impossible ; 


to obtain additional credit with which to bid on other contracts. As long 
the bid is outstanding it is a ‘potential contract and it affects his “responsi- 


bility? for work. It is only fair, therefore, to: ps 
} Specify: that. days after receiving bids, 
will be made or all bids will be rejected. 
Ina 


few States the : statutes require ‘that the daaibiauiti: estimate of qua itn 7 


tities and bid prices | on highway work be made public i in advance of the receipt 
of bids. — This is against the best interests of the States, as. it makes it too 


easy” for inexperienced contractors to prepare bids. s. What may be a fair | price — 


for an experienced contractor with full equipment and a good organization 


may be. wholly inadequate for a beginner. ‘Tf the bidder is qualified to — 
struct the work, he is qualified to prepare his own estimate. is proper. 
desirable to tell the prospective bidder the approximate bid price within limits, 7 


but not to give him a detailed estimate or to ask him to bid on a percent: 


of the | engineer’ estimate as is often done. . Therefore: 
Peer 8 Q 7) Do ‘not give prospective bidders detailed estimates of proper bid 
¢ For building work, where lump- -sum bids are generally required, bidders 


estimate the quantity of each item before they can fix the price. This 
is a laborious operation on a a large building, and the cost is added to the bid 


price. Ne Why should ‘the owner | pay the expense of ten, or more, quantity ‘sur- 


‘veys on one job when he can provide | one survey to serve all bidders, and at 
the — time bring all bidders into true competition on the basis of price — 
only In localities groups of contractors find many advantages i in hav- 


ing joint quantity surveys: made, Any such plan requires distinct 


“paring the Furthermore, ‘corrections made before t the 
is offered for to bids. As a general principle: __ 


It is economic ‘for owners to offer quantity surveys. to bidders 


ers on 


& Many advertisements f¢ for bidders are worded | as ‘if the owner were con-_ 


pale 
erring a great favor on the contractor to permit him to bid—in fact, some 
owners charge the contractor ‘a good fee for the plans. i In reality, the favor | 


TO 


is ‘extended by ‘the bidders because it costs more to prepare | the bids than to 
provide documents. ‘After a bidder has qualified it is ‘to ‘the owner’s 


advantage to 


“needs in order to. prepare an ‘estimate carefully. Making: it easy 


pensive ‘to bid is bound to be reflected favorably ine the ‘price and a $100 
expenditure by the owner for additional sets. may return him thousands of 
dollars when the bids come >in. Many parties as sub- contractors, material wend; 


and sureties: have a proper interest ‘the contract ‘documents 
"Frequently, whet deposits are aia ‘the time within which the plans must 
ba: 
be returned is given as seven days after bids are received, and some advertise 


ts state that oe must be returned with th the bid. | ‘This = 
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1 given sub- bids. ‘In one metro- cons 

politan | on a certain class of work: had so many begi 
disputes with contractors that they announced a decision to. ‘retain the draw: 

_and specifications ur until | such time time as | their bids had been definitely 

; 4 rejected. ‘They had been asked too many times to perform at the old prices a 
after changes had been made by the owners subsequent to the receipt of bids. ody 
a Uns all bids | are rejected or some bid is accepted, the matter is open; there- fill 3 

» 


- fore, the. return of plans should be based on a period starting from the award the 
a 
‘ of the contract or the rejection of all bids instead of from the date bids are “f to b 


received. A 14-day period i is suggested as a f fair condition. sum up 


Be liberal close as to the number of sets of the contract bid 


documents given to prospective bidders. Do net charge for these, 


P Dany sane nor ask for their return in less than fe fourteen days after the > award | hai 
contractors, ‘apparently, get a great deal of in bidding han 


“a high without any desire to receive the award ; others put in high bids merely whi 


rs to the engineer or architect asks them to estimate the jobs and they qin 
desire to remain in his good favor. Sull others, having g employ ed estimators, 


‘think they must keep them busy. complimentary bid is disturbing and con 
“serves no r real purpose. — Often it ‘Guest difficulty for the low bidder to obtain 


it, 

at th bond, or credit from h his bank, because a few very high complimentary bids le 
from contractors who are known to have a good knowledge of costs, make it of - 
appear as if the low bidder had greatly cunder-estimated the job and, -there- whe 

if (30) Engineers and architects should not encourage 
Available local facilities have a considerable influence on the prices which | 
‘must be paid for certain constructions. Engineers have been known to increase 
ie prices on their own contracts by. letting so much work within a short | ote 


_ time that there is no real | competition as each contractor having t the requisite 


plant is ‘reasonably ‘ware of obtaining all the work he desires. ¥ certain 


owner: always tried ‘to spend the large sum available at ; a rate about 50% 
faster than ‘the contractors cc could work, due to limited facilities for abe, 


"materials, ‘and transportation. — As a result bid p prices constantly rose although | 


the contractors failed to make profits on most ‘of the w ork. large number 


d faulted and others withdrew after suffering sarge losses. other words: 


481) To obtain bids, not let more. work than can be readily 
of 


‘The allowance of the customary week or ten days after the award within 
which the ¢ contract must. be signed and the bond given is often much too 
hort and fourteen days should be allov wed instead. The surety companies are ; 


hard pressed at times to underwrite bond re-insurance from 


- other companies, etc., within the short time available. W ith the extra days a 


cas e could. be presented to. the surety by mail. with all, supporting docu- 
entary evidence, _ giving the underwriter a clear- -eut picture, instead 0 of 


ae —_ the ease through by telegraphic presentation. . It is on the side of | 
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ro- conservative contract bond underwriting and ‘does not really delay the actual + 


beginning of the work because tl the contractor starts 0; on his preliminary 


“arrangements just as soon as he receives the award. Therefore: pont we Lid me 


ely “Allow fourteen days after the award for signing the contract and J 
wa | commendable practice is s growing; prospective bidder i is “required 


ard 1 - the bidding forms or is awarded the contract. | It is unfair to . encourage him 
are to bid ar and perhaps later deny him | the: award, if low; also it is thought that a 


will less disturbance if disqualified before bidding than after 
ese, _ himself the low bidder. The forms are still quite new and undoubtedly — 
ard . changes will be introduced from time to time. Few of them direct an an inquiry 
regarding outstanding bids or amount and status of other contracts 
ing hand, and this i is a serious | omission because the volume of f work i is an ‘element 


which, enters into any determination of responsibility. 
hey yi One form asks the bidder to describe the methods or pla nt he will use if — 
ors, awarded the contract. This is an ‘unfair question to ask of an experienced 
and contractor. _ If the engineer wants a certain kind of plant used he can specify 
— it, but if the contractor has to produce a specified volume and quality of 
ids construction work he should be allowed the greatest latitude in the selection | 


eit of methods o or plant. The construction industry much the pioneers 
who have dared to use new processes and thus have found a "cheaper and 

perhaps a better way of producing an old form. of work. should the 
dies contractor | disclose his methods before the contract has been awarded to him, 
especially as all bi bids may be tl thrown out: his may consider the 


pase (33) ‘Use forms to bidders instead of 
0% Bidding security is not generally ‘required on private ‘construction work; 
bor, on public work usually a deposit with the bid of either cash, Government 
ugh "bonds, a certified check 0 or cashier’ . check, or a bid bond is required. we 
ber _ times, the bid must be accompanied by + a ‘letter « or certificate issued by a 
surety company stating that it will write the contract bond 
the bidder should he be awarded the contract. The bidding security is s sup- 
sled posed to be a guarantee , deposited with the « owner binding the bidder to execute 
contract and file the required should the be 
too, es to the bidding s are generally included in thd 


and “Tnformati ion for Bidders”. In many proposal forms the 

; stating the conditions under y which the bidding security is deposited as a 

; guaranty fund for the ¢ owner’s protection | is decidedly unfair because it ‘pro-— 


vides that, if the contractor fails to execute the contract and file the bond 
after an award, the is forfeited to the owner. The measure of 
a to the o owner is the difference between the bid ‘that was not executed and fe 


va 
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that ‘the: next,’ or some other bidder » who ¢ ‘qualified. ‘The owner after 
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thinking so well of the contractor as. to encourage him to prepare and tender 


bid treating him rather harshly to turn any possible misfortune. to his 


‘The amount of the bidding security is generally about: 10 or 15% of the 
contract price. «At is desirable that the owner state a definite amount ‘rather 


- than a certain percentage of the bid price, because the bidder may not know 
_ what he will bid until Just | before the bid i is tendered. — The practice of some 


work bodies seems to encourage the financially weak contractor to bid 


i SS work beyond his capacity as they graduate the size of the security required 
“ up to a maximum of, say $25 000, which | sum would apply. to any contract of 


4 more than a certain one case the maximum security of $15 000 


_ was supposed to give the owner protection on a contract of nearly $500 000. 


$50 000 bidding would have been ™more appropriate. It is 
best, therefore, to: sult g rents ett ii at ara HF 
hs! (4) ‘Designate a a lump s sum for the bidding security in an amount a 


a as, ie 10 to 15% of the probable contract price, and condition its receipt 
_ so that the measure of damage to the owner, , if the bidder fai!s 
to. execute the contract and. file a bond, i is the e difference between 

“Nios the amount bid and the amount for which the owner may be svi 


contractors, and surety companies believe it is desirable 
, - to abolish the use of bid bonds —_ hold strictly to the use of cash, Govern- 
Na ment bonds, or certified checks. + The requirement that checks shall be filed 


is increasing ‘and bid bonds n may soon be a thing of the past. Almost ‘a 
bidding ‘checks are borrowed from a bank because they may be on deposit. 
for some time after the bids. are opened, and contractors seldom have enoug ; 


surplus cash ‘to ‘permit: considerable to taken from the business. 


ime when 
the banker ne’ give e the ‘contractor some , good advice against lg on more 


work than can be easily financed. Many contractors after ‘such talks 
wisely decided not to bid. In all cases, then: 


( (35) Do not permit bid 1 bonds as bidding security. oils | tad 


phe The letter by a surety company stating that. it will, write the con- 
“tract bond if the bidder is awarded the contract: ‘is called a “bid letter’ by 
4 the surety, prey is handled by it just ‘the same asa bid bond. All ‘the reasons 
that make bid bonds objectionable apply equally to bid. The ow ner 

; fixes ‘the amount. of the certified check and ‘should make | it large enough to 
‘eee. protection desired | without trying to bring in a surety ; company 
Ze to bear part of the load. it is in line with conservative underwriting if the 
surety gives no letter or certificate to the owner when bids are received, 


Bod eras seldom has the surety had time to give the case the full inv westiga-- 
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Often bids have been prepared at con 
[a jj ing the bidders fairly unless they are accorded the privilege of being present # e 


ow hen the bids a 


there’ is real Otherwise, , the ‘bidder is apt | ‘suspect that the 
_job is “set” for some favored contractor. Public opening is almost universal 
- when public. money is to be » expended, but on priv ate. work there i is still a 
considerable proportion of se secret openings. ns is claimed that often after a 
- seer et opening the better class of contractors are asked to cut their bids to meet 
the figures of irresponsible contractors who have nothing to lose and who 
therefore bid much lower than good construction. | work can be produced, and ie 
may have been asked to bid for this reason. So flagrant has this prac: 
“tice become in certain localities that the reputable contractors have found it os 
— to their advantage to file duplicate bids, one with the owner and the other with | 
‘spon ome _ designated person who later gives each bidder a tabulation of the bids. 
Naturally, the owner does not get very far in ‘ “peddling bids” when the best 
contractors know all the details. it is. policy that: 


; BN) Bids on public should publicly opened 
‘Scarcely any reputable contractors are averse to bidding on important > 

contracts located in other places. is generally considered strictly proper 
contractors to bid ‘on distant work and f for owners to invite such bids. 
a Frequently, how ever, an out- -of-town bidder is low and a local contractor is 
net then the greatest pressure is brought: to bear on the owner to let the 
Sowa to the local bidder under the plea that ‘ “all ‘the money - should be kept at 
home”. 4 Such an award would be unfair to the outside bidder who was encour-— 

aged to. bid and who believed, tacitly perhaps, that he was low, he would 
seive the award. If only local bidders. are desired, ‘the advertisement should 
state this condition. ~ Even should the out-of-town contractor do the work, 
_ most of the money will stay at home because it is largely the local materials 


that will be used, also, local labor ; and the ‘contractor | only takes away with 


the profit, if any, at completion. if he loses ‘because he bid under the q 


local bidder, the out- of-town contractor might, in fact, make | a substantial Pn 


TOT 
contribution to the community. The rule should be: 


(38) Award the contract to the ——— he is qualified, irre- 
| spective of what a local bidder has bid. bth 6 bas 


- supposed to be the professional duty of an engineer to advise the e owner | regard- 


the low | bidder and to the to responsible contractor. 


q 


ose for whom he has’ ‘worked is, of no matter 


is many ill- -gotten gains he possesses. Fortunately, there are not many such — 


in the construction industry, and the ‘contractors who are doing the greater 
— of the large yearly construction p) programs are men with just as high ideals 
’ undertake a large contract. In addition 1 he should have ability as vont 
his past: experience and ‘record ; an organization suitable for 
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and sufficient working capital net quick assets to finance 
the operations and reasonable additional eosts. T hese qualifications should 


give a fair assurance to the owner (or a surety company) that the contractor 
is well able _to complete satisfactorily (a) all the unfinished contracts 


f hand; ( ; (b) the new sub 


contract in question; and (c) all the contracts subse- 
quently taken until the new contract has been completed and all bills paid. 


| 4 _ When a contractor gets into trouble on one job it soon spreads to all his « con- 
a 4 tracts ; therefore, the entire volume of work he i is obligated to perform i is a very 


important element. in determining responsibility although “many. 


give this element due weight. Assuming the contractor is otherwise qualified, 
his responsibility is ‘deternithied by the ratio his financial strength bears to the 


“total volume of work he must perform. 


When the contractor is working well within the proper ratic 
™ a good risk for himself, as he will ‘probably have sufficient assets to meet 
n ordinary financial strain if x necessary, and 7) will continue in business. 
Ww hen he is over- extended or suffers bad luck, ie may be forced | into bank- 
ruptey because quickly becomes afraid and runs awa ay in the face of 
a contract bond is a non-cancellable bibtguicion . While oa ratio of the finan 
- ial worth to the total work should always be determined, so that it can be 
duly considered when judging the responsibility of a contractor, ‘it is doubtful 4 


i 
5 io rule - could be applied generally, because contractors vary vary 


a inherently much 1 more hazardous | than others. Probably no two persons » will 


each the same conclusion on responsibility, although experienced | surety. 


. - any underwriters will frequently agree on how much work of a certain class” 


= 


; their ability to. overcome difficulties and because many kinds of work 


‘a contractor should undertake at any one time. ? w 


surety companies have a basic ratio about as  Assum- 


“ing the contractor is capable, ‘experienced, and has all the plant and organiza- 


“don needed, he should have unquestioned net quick assets of not ‘Jess than 


10% and other assets an additional 10% of the total volume of to 
be performed. | a of work that is not ‘hazardous 7 


might lead the surety to reduce this’ ratio, while work of a hazardous kind, 
or under unfavorable local conditions, would lead the | surety to desire more 


working capital in proportion to the volume of work. os ode daly 


- Many engineers, architects, and contractors do ‘not recognize any ratio rule S 


in determining responsibility, but classify a contractor according to the size of 
the contracts previously performed by him without any consideration of the 


: edie he i is qualified to handle and finance at any one time. 
who has a large plant and little working capital i is a poor risk, even on a con- 
- tract that is well inside the ratio, and is taken when he has no other work on — 
hand, because, in all probability, he will soon take on other contracts | in order 7 
to keep all his at work and then will have too much under way at one 


out net assets has 


often. more money contract the 
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handle sev several, some perhaps ata mean: and this has been proved 0 over | 
over again in the financial statements filed with surety companies. 
a While it i is comparatively easy fo for an engineer to follow the progress being © 
made on a contractor’s work on hand, it is not so easy to analyze his financial | 
statement and determine what allowances should be considered in arriving 
at the net quick assets | and net w orth. All parties habitually dealing with — 
credits will disallow or greatly s scale down all obscure items ; contr actors, unfor- 
tunately, have no standard method of keeping their accounts or a 
financial statements, so that many asset items cannot be evaluated without © 


Anticipated profits are frequently included and 
every dollar expended ona contract is bound to come back accompanied by 


the estimated profit. - Notes ‘receivable may have been given in payment for 
; a junior interest in the co-partnership or corporation which conducts the busi-- 
ness and these really add nothing that has a quick sale value. Stocks and 
bonds may appear at inflated values. The contractor or a certified pr 
accountant can say under oath that the statement shows | the true condition 


of the books, but such an oath does not necessarily determine what net quick ; 


assets or oe should be allowed . All these considerations. lead to the 


principle: 


Ascertain the ratio between the contractor’ 1 strength 


and the volume of work he is obligated to perform. . Use e this = 


~* 


e 
al 
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an aid in determining his res ponsibility before varding the con- 
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The Rocky River hydro- development, recently completed near New 
Milford, Conn. is the first ‘modern plant in America to pump water 
-Teservoir with off-peak power, in _ order to produce on- peak power later. In 
connection with this project, a s search of engineering literature was made, joe 


data on similar built elsewhere. number of such plants was dis- 


(including one 600 000- installation) and thirty-six The rapid 

i increase in size of units and total installations and the ‘number of plants built — 7 
in Europe i in the past few years, when considered w with the building of the first 

large” plant in the United States, ‘make it ‘appear that America is on the 


threshold of a new phase in hydro- electric development. 
ait The principle of operation of such plants is therefore explained, with a 
discussion of their econon 


conomic justification ; a summary is given to point out the 
~ extremes in physical features and. the advanced stage of development of this 


TY 


type of hydro- electric ‘development; and brief "descriptions of the most inter- Ss 


plants are included, particularly ‘of those which are 


cycle of operation 


DESCRIPTION silts 


Growen! 1 Size—An increasing ‘number of American hydraulic engineers" 

are interested in the type of in _ which 


energy later. of Chica! how ever, k1 


for nearly half a that forty-two plants have” built to date 


NOTE, —Written discussion on this paper will be closed in 
Wi England Power Constr. Co., 
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— 
ve 
ia) 
| 
| 
| 
4 


-STORAGE HYDRO-ELECTRIC PLANTS 


Papers. 
= “and that has | progressed to ‘the | where 34 000- hy pumps would | 
being and» a tota capacity: of 250000 kw. bon 
water | 
called 
completed by the Connecticut Light and Power Company on Rocky River, ‘wholly 
‘near Milford, Conn., although thirty-six more have been proposed, among them contin 
being one to pump 5 000 sec- -ft. against a 90- ft. head overadivide. ' 
tion. 
oat 
a 
3 920 


a ho ose who ¢ are in close touch with the situation regard the Rocky River 
development as the first of a large number of such plants in this country. 

‘The inevitable human inertia due to a conservative eatin toward the trans- : 
planting of a European to American soil has now been overcome and 

with the building of the first large plant in this country , the development | 
should be rapid. Iti is timely therefore to explain the principles of operation — 
and to s show the wide range of conditions | for which these plants have ‘ees 
built, as well as to ‘stress. their advanced stage of evolution. 
“Hydraulic accumulator” is a name that has been given ch plants, ill- 
_— advisedly, in the writer’ s opinion, because an hydraulic accumulator is a system 
used principally in rolling | ‘mills for supplying jacks with | ‘water under high 


"pressure. A preferable term is, the more ? ‘“pumped-storage 


| and utili ation of water even if the hasten inflow into the reservoir is neg- 
gible, provided there exists, a short: distance away and at lower 2 


supply from which water ean be pumped i into the reservoir. 


“2 
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PUMPED-S STORA AGE HYDRO- -ELECTRIC PLAN 


would be idle or yr partly loaded if it were not for the pur pumping eed of ‘a pumped- _ 
storage plant is quite low; 


water which would otherwise be wasted over the as run- stream plants 
pe 
(called “surplus hydro-electric | energy’ is practically zero. These conditions 


tend to make it economical to use this equipment, which would otherwise be 

wholly or partly idle; but on which - nevertheless the fixed charges would be an 

continuing, to pump water into a reservoir to produce power later when r. 


required, the arrangement vesembling © an electric storage battery in its opera- — 


Types or Puants 
 Btowage Type. 


There are three types of plants, the storage poe ee 
and t two variations of it—the pondage and the part-head types. Rocky River 


is a a plant. of the storage type (see Fig. 2), in which two principles of opera- 
are used. _By the first, water is drawn the 


reservoir to generate 


ne day or into the 1 reservoir with off- -peak power. | 
this case, no net of the reservoir, and the nes is said: to 


Storage Transmission Line to 
Tributary River with 
Drainage Area Insignificant 


in Comparison with 


Main ‘River with Large Drainage Area 
Power House Containing pa 
Pumps Connected to 
Same Penstock 4 


Transmission Line 
Load Center and 


te 


sity 


The second is the flow- regulation principle i in wh ch water is drawn from el . 


€ reservoir not only t to produce power at this plant, but also to increase e the 
low. water flow in the main river for the benefit of down-stream plants. aol 


Type.—Nearly four times as many as storage 


plants have been built. In this type only short-time storage is. economical — f 
and the feature of releasing water to. regulate the flow of the river below the 


or the storage type, is entirely absent. Som have — 


The marginal cost of off- -peak energy from steam a turbo- -generators 
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-PUMPED-STORAGE HYDRO-ELECTRIC PLANTS 
of enormous Size ; as, for instance, the Hengstey plant now con- 
struction, which ] has 34 000- h.p. pumps. © Among the developments of 1 mediun | 
_ size are some reservoirs formed by dikes on hillsides, while a few “of the 
_ reservoirs are so small that they are made of reinforced concrete. vb 1 Hat wy 


er number of the aoe of this type have t two ‘Teservoirs, , one forming the 


and ‘evaporation. This. 3 type plant extends the possibilities of 
re never been considered 


4 water once the lower reservoir is filled, is that to 


"suitable natural 


-Part- ead Type.— 
pumps water against a certain head to make it through a ‘higher head 


Luner Lake El. 6300 1 Billion Cu. Ft. Wet Capacity 


= 


3. Parr-Heap PL ANT AT LUNER AUSTRIA. 
A common of development i is one in which water is 


“uM 


“ty 
‘be into the penstock from a lake, or other source o of supply, and from tl there it 


flows up into o the main ‘reservoir. The only American plant built. prior to. 

Rocky River on data have been is of this type. addition 

2 e are not true umped- 

” storage plants, because at Thousand Springs the haiiaaia is is done continuously 


and there i is no storage of water during off- -peak periods; and at the 1e other two 


the water is pumped out of a reservoir which is filled by natural inflow, instead 


of into | a reservoir deficient i in natural ke 


= 


Allusion has been made to the economics of pumped-s -storage , plants. To 
this question | let it be assumed that, due to the growth of its load, 


a company ‘requires additional firm capacity which « can be supplied 


plant to its hydro- electric system, in 1 which there. are some -stream plants. 
. The net value of the hydro- electric plant, therefore, is determined in the fol- 


> 


“yar lowing manner. Hydraulic computations ‘certain installed capacity 
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TORAGE HYDRO- -ELECTRIC ‘PLANTS 


an ‘The increase in the firm capacity of ‘the system due to the build- 
of the pumped- “storage plant; 

(2) The increase in . the primary energy ; 
(3) The decrease” in the secondary energy produced the hydro- 
electric system due to storing water during periods: of higher 


pumping both 
pondage | and for storage will be done steamn- generated off-peak | energy 
- (although a part of it may be done by water otherwise wasted over the di dams" 
of run-of-stream plants). is likewise conservative to omit the saving due 
. to the plant’s S production of secondary energy except: from the natural inflow 
ito o the r reservoir, as discussed i in the Appendix. 
ow 


i The value of the hydro-electric plant is the sum of its ‘ ‘capacity value” plus | 


it 


x “capacity value”, , is best by an Thus, if a : 
storage plant a adds 3 75 000 kw. of fi firm ‘capacity to the system, and the alterna- 
- tive a addition t to the existing steam plant would consist of two 40 000-kw. units” 


at a cost of $9 600 000, the fixed charges be $1 060 000, or 


$13 per per year ris, therefore, $975 000 per year. wesinust 
ahs Various methods are used to calculate the energy value of a hydro- ro-electric 
- lant, j By one method tl the value e of the energy is taken as the production cost 
the same energy at | ‘the alternative steam ‘plant. For a "pumped. “storage 
. plant the energy value i is found by subtracting from the value of the primary 
P spate the sum of the values o of f the : decrease i in secondary energy due to sated 
water plus the secondary energy, used for pumping. feos 


a ‘Against the capacity value plus the « energy” value of the hydro- -electric 


plant, are set ‘the f fixed ch: charges on the investment. in the pumped- -storage plant — 
plus its production costs. ~The difference: represents the annual saving through 


- the building of the pumped- -storage plant instead of an addition to the steam _ 


plant, or vice versa. In addition to ‘these items there are also frequently — 7 
vs others, such as, fixed charges on the unused capacities of the ¢ alternative instal- 


of ‘supply. Some of these may easily be evaluated; ; while others” cannot be 


evaluated, “but should be considered. 1s * 


ca As may readily be seen for. any specific case, the economic justification of ei 


the pumped- -storage plant lies’ in its capacity value even more than in the oy 
difference in production cost between off- peak and on-peak steam-generated fa 


lines; relative reliability ; the addition of ar an independent source 


dition make plants: of the three different types economical because of 
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fol- writer hesitates to try to formulate statements to whet 
city 
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In general, however, it may be said that the conditions 1 that 
_hydro- electric plants feasible make pumped- storage plants feasible; for example, 
low investment cost per kilowatt of firm capacity; high cost of competing 


fuels; large and concentrated system | loads, ete. Although the mped- “storage: 
4 


plant labors under the e disadvantages of the added cost of the pumping equip- 


ment and operation, it has certain compensating advantages" over ordinary 
storage plants, s some of which may be enumerated as follows: bine “us f 


1. 1.—It is | comparatively independent of rainfall and drainage area—although, 


‘of course, a high average annual rainfall o: on a large ‘drainage 2 area means less” 
4 


2—In more settled areas the other damages are apt to cost less 
for a given reservoir capacity because the | plant i is on a ‘tributary instead of on a 


= ng 8.—Since, for a given reservoir + capacity, the drainage area is smaller, the 


provision 1 for floods i is less if not absent. ¢ 
is as 


will 

- pumping : and power equipment to an existing ‘development to obtain more firm pgs 
or reserve power. ‘Three examples of such ‘plants | are given in Part 2 and it is 


the. writer's: opinion 1 that considerable activity be shown in the United 


‘the e adaptation of o one has been seriously 
How far these favorable features outweigh the e added investment and ie 


cost depends on local conditions. 
is necessary to find the limit to its field, it is is hoped that if there is is any 


sidere 
ultim: 


4 
Ya _ There are 6 org plants, 21 21 pondage > plants, 7 part- head plants, and 8 
plants not classified as to type due to the scarcity of data | on them. The follow- J 


= summary of the outstanding —. the plants built ‘to date | or —— 


Earliest, , 1882 (hydro- mechanical until 1891). Zurich, Switzerland. 
reservoir, net capacity, 6 000 000 000 


Smallest 200 000 cu. ft.... Tibingen, 
“Highest head in full- head development, 2 900 
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Papers. 
Salient feature. Be 


Highest r reservoir elevation, 7 710 

Lowest reservoir elevation, 430 ft.......... eo ing Connecticut. 
powerful pump, 34 000 h: Hengstey, Germany. 

Largest: pump in capacity, 480 ....Hemfurth, Germany. 


‘Highest pump efficiency, 87%....... .Rocky River, Connecticut. 
Most pow erful turbine, 45 000 h. 


¥en 


grant has been applied by the Rhine- Gcckune Electric ieee and the Gen. 
eral Electric Company (see Table 2). _ They proposed ultimately to build a | 
000- kw. plant on the Our River, in Germany, with a main dam 1 350 ft. 

of eonerete is to the 660 000 cu. at Md., a run- 
stream plant: with an ultimate installation of 396.000 kw. At the Our River 
development there are three rivers, on one of which there i is a reservoir with . 
capacity: of 300 000 000 cu. ft. 1 ft. for the Stolzenberg plant which operates under 

a 330-ft. head. . Into this reservoir the Sauer River will be e diverted ar and a 
will be installed, in the power-house, with ultimate capacity 
250 000 kw. to fill the main reservoir of 28 000 000 000 cu. ft. on the Our Hive, 


and 


for pumping will be produced at steam stations. 


iy A proposal of the magnitude of the Our River project — what in 
be expected in this country. An old report Rocky River con- 
sidered a 2 100-kw. installation to use the natural flow of the river, while the , 
ultimate proposed mi now is - twenty- three times as great, due to the utilization ¢ of 
the large re reservo oir for. pumped- -storage. . It has been said of Rocky River o. 
each a greater installation of pumps was investigated the development 
looked more favorable, and the pumping capacity is now double that « originally 
authorized. If this example i is typical of other locations the present estimates 
of the country’ Ss potential water power - will have to be increased many — 


and the strides | made i in ‘the: last few | years in Europe ead to the conclusion | 


that the dev elopment of the pumped-s hydro- electric in the United 


a 
‘ied 


“States will go forw ard ata swift pace. re 


A brief description of ‘the n 


atement has been published* that the entire cost of the pumping features 
added toa high Bead development ($5 500), was less than the value ik the addi-. 
tional saleable energy produced Comers 
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CAPACITY, 
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1882 |Zurich, Switzerland (hydro-mechanica 


Switzerland. 


20 |Fridingen, Germany.. 


1908 |Ruppoldingen, Switzerland .. 


Switzerland... 


12) 1910 |Chevenoz, Haute-Savoie, France.. 


Germany .... 
9} 1909 |Schaffhausen, Switzerland ............ 


until 1891).... 


S. El. d’Evian-Thonon-Annamasse 


Stura di Viu, or Funghera, Turin, It 


Cornabbia, Italy ........ 


15) 1913 |Viverone, Novare, 
Mill Creek No. 2, Murray, Utah..... 


18} 1915 |Lake Fully. Valais, 


19 


Clenezzo (near Bergamo), Italy........ 
Neckartzlingen, Germany .......... 


Full 
= 


American hydro-mechanical ........... 


A 


- 
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2] 188 


1908 |Brunnenmuhle (near Heidenheim) 


1904 |Olten-Aarburg, Switzerland...... 
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a reservoir w ith a 


‘capacity. of 300 000 on. ft., am which. the water is led by a 2.5- ft. pipe line, 
7 200 ft. long, to a powerhouse. = Two 1300- h.p. ‘turbines are installed at this 


_ power-house for a head of 1030 ft. One- half mile below the dam are a number 
of ‘Springs with a total flow of 3 to 4. .5 sec- -ft., and a 4- -ft. _ dam has been built 


| to collect their r discharge. ot 100- h.p. pump, delivering 3. 5 sec- ec-ft., and operated 
automatically by a a float: ‘switch, pumps water against a head of 140 ft. through 


~The ‘operation of this see is not entirely on the pumped- “storage principle 


because the pumping is controlled by a float- switch and is 1 not exclusively off- 


= ‘At the Lake Fully plant, in Switzerland, also, the water from the pump 
_ flows up or down the penstock, depending on the load on the turbines. il 


‘Tiibingen, , Germany. —T he reservoir for this plant, which was built in 1922, 


ies of reinforced concrete. ‘It is one of » of three v which are smaller than any of the 
- others, containing only 200 000 cu. ft., or or 2.000 000 gal. ’ The pool i is s 20 ft. deep 


only 144 by 82 ft. in plan. Rocky River has a ‘capacity 30 000 times as 


great. The reservoir iss set upon a hill 370 ft. above the Neckar River, Where 


—Q 000 ft. long. ‘ Tn the } power- -house is a unit typical of present European prac- 


os tice even for the largest plants. 5 It consists of a ‘dynamo with a horizontal 
a shaft, on one end of which is a turbine, and on the 1¢ other ¢ end, a pump, the 


: power- -house i is located, and i is filled i in 16 to 20 hours through a 15- -in. pipe, 


es dynamo acting as a motor or as a generator as occasion demands. At Tiibingen, 

the turbine is rated at h. p. ‘and the pump at 190 h.p., delivering 3 sec-ft. 
Additional pumping capacity is supplied by a pump delivering 0.9 ‘sec-ft. —_ 
The smallness of this’ peservair, taken in conjunction with those at Brun- 

- nenmiihle and Zweribach, which‘ are equally small, seems to indicate that while 
economic conditions| are not the same in Amer eae ‘in Europe, it might pay” 

a ‘some of the smaller companies in this country, when they need a few hundred 
4 kilowatts of firm capacity, to look around their hills ; and id brooks t to see Whether 
there is not “some location w wor orth investigating for 
Sc hwarzenbach, near orbach, Baden, Germany. of an 
existing hydro- -electric plant to secure additional firm power makes this plant 


unusual. My Previous to 1923 the Murg | plant had been n built for a head of 490 ft 


Ww ith a forebay of a “capacity of 10000000 cu. ft. an. 11-ft. tunnel, 18 000 ft. 
long, and two penstocks, 1 000 ft. long, supplying five 7 000-h.y p. turbines. For the 
Schwarzenbach plant these penstocks shave been at the bottom and 


ae -y peed is drawn from them: and pumped ‘to. a reser voir 730 ft. above the forebay 
e the old tail-water level. This reservolt 


ra oes of 13 30 ft. and is: filled through two 6-f ft. “penstocks,, 2.600 ft. 


~ by two combination units, each of which has two ‘pumps ps connected by 
rs to ‘the 3 main shaft. The two 1 pumps of each unit “together are “rated at 


0.000 h.p. an 110 cu. ft. sec. with an efiicienay of 85%, the highest 
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resden, Germany...... 


: © 
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® 3 

Saag 


Chemnitz-Zwickau Region, Saxony. 


Mort Lake, (near Grenoble), France. 


Colmar, Haut-Rhin, 
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_|Leipzig, Saxony, Germany....... 


r 
|Struden, Germany...... 


(Our River 


/Siemens-Schuckert System, Germany.. 


|Hagen, Westphalia, Germany........... 
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addition of pumping equipment at an existing dev elopment to add to its value § 
reservoir originally formed for pure storage by damming a natural 


lake and its surface to ‘Elevation 6 000. a ft. tunnel, 600 i. 


a draw-down ars 90 ft. e rom the tunnel a pete 5 100 ft. long and 2 3 ft. in? 


diameter, with provision for a second, leads to a 12:00 000-h.p. turbine under 
900-ft. head in the p pow er-house which is located on the Tessin River. 
_ head is the highest in a full-head development. In 1926 two pumps with a total pcm 


capacity of 13 000 hp. were added , making it a pumped- -storage plant. Ang. 


feature of this development is the tapping of the supply 


“yy New Power-House With 2 Units 
as Shown and 1 Without Pump 


130’ Storage Dam 


oles as 
either Generator 


Motor. 
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“of 6 Outlet Conduits of 


Original Construction  Qutlet Valve of hn 


for 
New Construction — 


YES ENS TESTES SS S 


—— 

A OF FEET 
en, OF STORAGE AND POWER PLANT TO THE 


his is a ‘unique addition of ; and 
power ‘equipment to an n existing development. The original construction 

- sisted of a 130-ft.. storage dam with 15 000 kw. installed in the } / power- -house 
m= six 0 outlet conduits « discharging through | needle- -valves into a stilling pool. 
‘This has been transformed into a pumped- storage plant (Fig. 4) 1 by tapping 
two of the conduits and ‘connecting each of them by branches a turbine 

dynamo “pump unit in as second power-house. dam has. been | built ¢ down 


r. stream to > form : a pool from which the pumps can draw water, with a fluctuation 
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The pumps in n this development have the greatest discharge of any so far 
(480° sec-ft. )s their rating of 8 400 hp. does not approach 
record. 
ih addition to , the two combination wiles ts there i is a third uz unit with ‘the } pump 
omitted. ‘The: units, are unusual i in the fact that the shaft is s vertical. if the 


of the application of the > pumped- storage principle to a already -con- 


centers in this country are hills. More than a dozen possible 
developments already under consideration. Niederwartha plant im- 
proves the operating conditions of the Dresden steam plants with which it is _ 
connected, by smoothing « off the peaks and filling in the valleys of the load le 


curve and by standing as a reserve plant available almost instantly. Two > 


reservoirs have been constructed (an upper and a lower), each | of 70000 000 - 
cu. . ft. capacity. ‘Water i is drawn from the Elbe River near-by fill the lower 


As 


reservoir, from which it is pumped into the upper reservoir, 460 ft. above, 7 
four 27 000- h.p. pumps. _ These are part of combination turbine-dynamo- -pump 


units in which the turbines are rated at 30 30 000 . h.p. and the: -dynamos at 
000 kw. ~The u ultir nstallation will be six such units, and three 


lines have been built, 9. 9 ft. in diameter and 3 000 ‘ft. long. Each pump dis- Fy 


Hengstey, Ruhr, —The 34 000-h.p ‘pumps @ at this plant are the 


most powerful yet built, and their rating i is four times that of any in the _ 
United ‘States. — _ The 45 000 -h.p. turbines at Hengstey are the ‘most: powerful 
in! Germany, and probably i in 1 Europe; the turbine capacity of the plant, 180 000 a 
hp, p., is the largest total; and the annual output is 120 000 000 kw- -hr.—yet here | a, 
power is only a by- product of domestic water ‘supply. 
-various s plans it was found that the capacity of the could 
be tripled if a pumped- “storage plant of the pondage type were built. On a 
bluff on one bank of the river a reservoir with a net capacity « of 40 000 000 
cu. ft. for 45-ft. draw- -down i is being constructed by building an oval dike ke, , and 
this reservoir is being connected with the ‘Power- -house on the river by four 
8.2-ft. . penstocks, 10 000 ft. long. In the power- -house_ are three combination 
turbine- dynamo-pump ‘units and a fourth unit with the ‘pump omitted. The 
head i is 520 ft. and each pump discharges at the rate of 420 sec-ft. _ The sedi 


mentation basin, which has a gross capacity of 100 000 000 cu. ft., % ‘is formed | 
by a dam at which there is a run- -of- stream plant developing | a 15- ft. head. 


The lowering of the water level in the basin due to the draft to fill the upper — 


Voir is the largest of all, having a net capacity of 6 000 000 000 cu. ft. for 2 a a 


. iets features: (). It i is the first modern plant in America; (2) its reser- 


ft. draw- down with an ultimate of 7000 000 000 cu. ft. when raised 
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5 ft.; (3) its elevation of 430 ft. . above sea eet is the lowest; and (4) its 
have the highest | efficiency, 87 being The lowness of ‘the 


elevation of the reservoir in 


 tainous country where there is a large output each cubic foot of water 


stored. An indicated i in Fig. 2, Rocky River i isa small tributary of the Housa- 


tonic River entering a mile above How Milford. Fig. 5 iat a made 


during the 1 filling of the reservoir. 
the right end of the power- -house. 1 The water is. led from ihe reservoir r by a onal 


7 3 200 ft. long and 45 ft. deep, and a 15-ft. pipe line, 1900 ft. 1 long, to a power- 
~f house which contains one 24 000-kw. generator and two 8 100-h.p. pumps, each 


delivering 250 sec-ft. | Provision has been ‘made for a second generator. The 
head is 230 ft. and the drainage area, 40 sq. miles, while the drainage area of 


in thes system the addition of firm ppralinsne to the asides by a building 
of the Rocky River plant will be 40 000 kw. and the additional output will be 
80 000 000 kw-hr. Its regulating effect on the river will also make possible 


“gen Thanks ai are due ‘Mr. L. D. Gilfillan for many discussions with the writer, 

and to him and to Mr. M. S. Weil for valuable } criticism. The writer wishes 

to ber“ we : of the criticism Joel 


pedtioabicly, where statements of extremes or uniqueness have been 
ba alk on data presented herein, | which are, ‘of course, incomplete, although 


My wt Power is produced from a plant of the sto rage type like Rocky River ks the 
following six methods. must be remembered, howe ever, that only av erage 


monthly flows are in this discussion, variations within the 


and is idle « except. as in ‘Sections 


_ The ack of the plead steam and hydro- electric system are to be 
F operated . so as to obtain the maximum possible firm capacity from the water 


available. This eapacity has been determined by a trial- and- -error computation, 


in which it has been discovered that when | the average monthly flow of “the: 

~ main river at the power- house ‘of the pumped- “storage plant has: fallen to a 

certain quantity, it is “necessary” to operate. the generator in ‘the pumpe 
storage plant in order maintain: the firm capacity of the hydro- electric” 
‘i, = _ The unit, ‘therefore, is operated, but all water released during ‘the 


* Copyrighted by Aero Service Corporation. 
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PUMPED-STORAGE ELECTRIC PLANTS 


jped- 
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the eycle through Periods (e), (f), and (g). 


PUMPRD-STORAGE HYDRO- “ELECTRIC 


> 
on- hours of the is replaced by water up into the reservoir 


by steam-generated power during ‘the off- “peak hours of the night and 


Sunda ay. ‘The firm ‘ydro- electric capacity is. thus maintained without any 


2.—Flow Regulation. —When the flow of the river : falls still lower, the fir ‘m 
rants of the hydro-electric plants of the system is maintained at the ‘amount. 


determined by the computation mentioned previously, by releasing water from — 
the reservoir to be added to the flow of the river for the benefit of the plants 

down stream as well as to produce power at the pumped- -storage plant. ‘$ This = 
water is in addition to that which is released during the day to be pumped up » Ss 
—Secondary Energy from Natural -Inflow—As the flow of. 
river increases after the low-flow period the flow- regulation operation and the 7 ; 
pondage operation of the ‘plant are successively stopped. When the flow 

increases so that the pu pumps can draw from the river without decreasing» the 
firm capacity by withholding water from the down-stream plants, the reservoir _ 


is refilled by pumping. _ Finally, when the reservoir is fu full the natural inflow is g 
» 
to secondary energy and prevent the reservoir from overflowing; 


In tabular 


decrease i in the: flow of the main river, the 3 is 


form this fundamental cycle i is as follows: 


j 


of Main River 
(Continued) Pondage and flow- operation down 
(e) Pondage operation with reservoir drawn down. 
idle with reservoir drawn down bist 


es ‘This evele. is reversed if at any point the tendency of the ‘stream flow pe Se 
“changes; that is, if in the idle period, A, the flow decreases” instead of ta 
increasing, the pondage operation of Period (e) is resumed, followed by 
Period (d) until the flow again increases, when the operation goes forward 
The maximum firm. capacity of the hydro- electric system is inaintained by a 
- operation on this ¢; cycle, but under certain conditions this operation of the via 
plant may be supplemented as described under Methods 4, 5, and 6. ae ee 
4-Secondary Energy with Surplus Hydro-Electric Energy. —If the 
_ is operated on the fundamental cycle, Sections (1) to (3), there ‘are some parts — 
of ‘Period (b) when the reservoir is full and the plant is producing parte 


‘nergy from the natural inflow only, while is s being wasted over the dams 
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: STORAGE HYDRO- EL ECTRIC. PLANTS 


of run-of- stream plants. at night and | on. ‘Sunday, the units being only partly aa 
lo 

loaded. Under these conditions coal can be saved at steam plants by draw ing 

a 

on the reservoir during the peak hours and refilling it by pumping with | Surplus: : sa 
-hydro- electric energy during t the « off- -peak his secondary energy from 

_ water» which is replaced by p pumping is in addition to the secondary energy Baier, 

from the natural in aflow when the reservoir is full, as described under Method 3, eae 


Secondary Energy Instead of High- Co ost Steam. -—Again, if the plant is § 


operated on the fundamental cycle, there may be 1 times in Period “(while 

the reservoir ‘is full) when for a few hours it may be - necessary | to start and “hee 
operate boiler or in a steam plant. The. unit cost. of the energy “limi 


produced i is very as shown i in the may pay to 4 


7 


Assume the cost of steam- under the 


described to be 81 mills ; and the off-peak cost, 4 mills, both at the station bus. 


Alternative means of supplying ar an additional load of short’ duration, with the 
-run-of-stream plants already using all the available water and one steam tur- 


a bine | fully loaded, are to start either a 1 second steam turbine or the pumped- 
"storage plant, replacing the water used shortly afterward. Energy from either 


plant i is delivered at the same sub-station, high- tension bus, at w which point the 
Example. —The cost of steam- generated energy may be analyzed as follows: 


Relatively short transmission line to load center. 


cost at the steam station switchboard i is 8m per kw- at ‘the 


-sub-station, high-tension bus, 8.6 mills per kw-hr. delivered. ‘This cost per 


Wits 
‘kilowatt-hour delivered “com compares with the cost of pumped-storage hydro- 


5 


Steam station step-up transformers. ...... (13) 

Relatively long transmission line to pumped- storage plant. 90 

Hydro-electrie plant step-down transformers (15) 

Pump motor fully loaded. (16) 

hn After an interval of time between off-peak and on- peak: 

eee Penstock from reservoir partly loaded.................. 98 (284 


Hydro-electric plant step-up transformers. 
Relatively; short transmission line to load center. . 


> 


at the steam-station is 4 mills per kw-hr., at ‘the: 


sub-station, high- tension bus, 7.2 mills per kw- hr. delivered. * _The saving from: 
pumped- “storage instead of steam- generated energy 14 mills kw-hr., or 
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- PUMPED-STORAGE HYDRO- ELEC CTRIC PLA ANTS 


of this use of the pumped -storage ze plant changes 1 with the syst 
. load, available units, cost of energy, and stream flow, and it is ssi in | the 


financial statement of the value of the plant. 


4 6.—Break- Down Power. —In an an ‘emergency the hydro- electric. unit, ." not 
already generating power, can be placed i in operation in a few minutes. _ The 
difference, however, betw een the pumped- “storage: plant where the tail-race is — 


pool, , and any other: electric ‘plant is” that this emergency use is not 
dependent on the stream- flow conditions, for the water can be retained i the 
peer and pumped back into the r reservoir, while i in other r plants after the wa water | er 
is once released it is gone. This pur pumping, and pun pumping for pondage, a are 
to the aged main river rif there i is no forming tl the tail- 


the fundamental cycle. 
case is no after- pumping is limited the flow i in the. 


capacity of the hydro- electric system. 


(1) Construction Methods, 1927. 
19, 1925; , 1995; (: 3a). July 


(@) Electrical World, September 16, 1911; (3) - 
81, 1926; (4) November 6, 1926; (5) February 19, 1927 ; (6) June 25, 


1927; (7) July 16, 1927 ; and (Ta) May 12, 1928. 
(8) News-Record, August 28, 1924, September 9, 1926, and June 
«14, 1927; (9) November 3, 1927; (9a) January 12, 1928; and (9b) Feb- , - | 
Power, November 22, 1921; (12) May 1925, and January 25, 1927 
(12a) February 28, 1928; and (12b) May 28,1928, 
(13) Engineering, December 24, 1920, and N November 24 to — 15, oe 
and (14) May 6, 1927. 
(15) Guide to Swiss Hydraulic Developments, 
(16) Science Abstracts, 1925, No. 270; (17) 1925, No. 398; (18) 1927, 
1518; and (19) 1927, No. 
(20) Le Génie Civil, May 6, 1922; (21) January 12, 1924; 3 (22 ) ae 
1994; and (23) May 9, 1925. 
(28a) Das Gas- und Wasserfach , January 28, 1928. a 
Elektrizitatswirtschaft, March, 1 1987,  Bestion 2; (25) September, 


Siemens Zeitschrift, June, 192 


Ta) ‘Schweizerische Wasserwirtschaft, 1927, 


2 
28) Zeitschrift des:  Vereines deutscher Ingenieure, ‘November 8, 1924; 
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‘By H. J. M. ‘Am. Soc. ©. El... 


G 


at the meeting of Highway York, N. January 19, 1928. 


=f) 


> 
— 
lz: 
. 
— 
al 
+2482 
uy 
onl 


yarlou 

Trunk 

somev 

ander 

a. In } New Hampshire at ‘the close of the 1927 season. the total 1 mileage of att 


improved highways on on the State Aid and ‘Trunk- -Line Systems was approxi- —_ 
mately | 2 250, all of which has been built since the State Highway Department 


was established by a Legislative Act in 1905. 
~~ a. The e various road surfaces on the two systems vary from common gravel t os 
highest type of modern reinforced concrete. Experience in New Hamp- Reinfor 

- shire indicates. that when traffic exceeds approximately 500. vehicles per | ‘day, Asphal 

ta ordinary untreated ¢ gravel and similar surfaces cannot be ‘maintained econoni- surface 
cally for satisfactory service. Although plain gravel was found to be accept: 

able during the the early period of development (prior to 1916), the increase in - tel 


traffic finally made. impossible to provide ‘proper service for gravel roads on In 


the principal routes, without the application of a bituminous surface treat- § ‘me 


“ment! | Consequently, between 1916 and 1921, gravel roads to the extent of @ tenan 
les were treated with tar asphaltic ‘compounds. in 1928 able f 


‘surface- -treated gravel has continued to . be the principal road surface, with § concr 


more than 850 miles of this type on the ‘Trunk- Line System and nearly 360 for si 


miles | on the State Aid roads. The other types on the Trunk-Line System “howe 


include 150 miles of bituminous macadam, 75 miles « of modified asphalt or minor 


asphaltic concrete, and 30 miles of cement concrete (15 miles of treate 
this having been built during 1927). The 1928 State Aid Road System once” 
: sists chiefly of improved | sections s of | scattered and “unconnected _ highways 


mostly ¢ of plain gravel, of which there i isa a total of approximately 800 


a maintenance per construction costs on gravel roads amounted t to 42. “4 
of the total highway expenditures during the 5- year period, 1921 to 1925, in- 
elusive. In 1925 it increased to 45.38% of which approximately two-thirds was 
- for maintenance alone. Most of the Maintenance c¢ costs can be attributed to 


gravel surfaces which become increasingly e expensive a: as traffic increases. There- 
F fore, this type cannot be termed an economic Toad surface under hea; y traffic 


will answer in many cases the purpose of a more ‘expensive su- 
face. During the 1927 flood many miles of this surface withstood the swift 
waters, boulders, and other débris passing, over it. ‘a 


cin As . a basis for a 10-year plan of improvement in 1 New Hampshire, the Trunk: 
new 

id an minor routes, their average daily “present, 
future, traffic. Major. ‘sections carry 1 500 or more vehicles. daily; medium 
Tue 


‘ routes, from 500 to 1 500, daily; and minor routes, less than 500, daily. This 
classification has been made on the basis of the traffic. Also, 


_ the traffic in 1931 and 1936 has been estimated. By. ae Foi a 


* Commr. and Chf. Engr., State Highway N. 
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In order to obtain construction costs for an economic comparison of ai 


various types of. road ‘surfaces in New Hampshire, several sections of the 
Trunk-Line System are indicated in Table 1. Howe ever, since all the projects | 


recorded average approximately 1 mile i in Tength, the unit cost is, of course, 
somewhat greater than for longer projects. ~All the roads are constructed 


under oeeeer Aid specifications and have a width of 18 ft. with 3-ft. shoulders. © 
‘TABLE 1. Construction Costs IN New Ham PSHIRE. 


“7 Number of | Total Average cost 


Reinforced cement concrete 18.89 188. 


73:78 | 26 057,09 


Bituminous macadam... 


order to get a fair comparison of the yearly maintenance costs for the 
same types, several new construction projects are listed in Table 2, with main- 2 


tenance costs ts for the first four ; years | after completion. Data are not avail- a 
able for comparisons for longer periods. The first section of reinforced cement — 
concrete built i is five years old, with maintenance data for four years. no Costs — 


for surface- treated gravel ‘and bituminous macadam are for longer periods; 
however, they do not vary greatly from the data of Table 2, except that bitu- Sh, 
minous macadam requires a seal coat about once in five years and that surface-_ —_ 
treated gravel needs a general re- -shaping, scarifying, —_ re-surfacing | at least 
once during the same — | 


| TABLE 2. — MAINTENANCE Cosrs in New Hames SHIRE. 
| 


| nance for | ™ainte- 
geetions. per day. “period |. Bance 


as noted. 


[here- Reinforced cement concrete... 7 Major _ | 2 000 $ 151.00 | $ 87.75 
raft Asphaltic Major 4000 202.00 | 74 
trail¢ Bituminous macadam..........| Medium | 1 200 268.00 | 65.75 
haltic ‘wtace-treated gravel.......... Medium | 000 482.00 | 608.00 


The costs in Table are less the a average 


sdium, only. “The total costs bel given in Table 
al For comparison over a period of ten years, ‘it is “necessary to add to ) the 


bituminous macadam the cost of an extra seal coat. ft Also, recon 
cost must be 
‘ame period. The are shown in (5) and (6) of Table 
Asphaltie concrete ‘be the most economical pavement for the 


B10. U-Yyear period. | However, as this s type has been confined for the most part to 
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NEW HAMPSHIRE 
, 1ts cost cannot 


fairness be with the others. This leaves treated gravel 
as most economical, with bituminous macadam costing only $1000 per 
mile over. the 10- -year period. However, it should be noted that the compar- 


isons on Seone: surfaces were derived from the 4 -year period on medium traffic 


‘routes. Bituminous macadam as built by New Hampshire specifications | has a 


-in. bituminous top laid ona _3-in. macadam, or crushed gravel, base base. This 


cannot b be classed as a a heavy duty or major traffic road surface, § such as as is used 


in the reinforced cement concrete construction. _ Specifications for reinforced 
- cement concrete call for a center thickness of 6 in., with 9 in. at the shoulders. 


ait 


"Experience does” not show just how long this construction will last; for the 
type. it is ten years, after which it becomes necessary to > apply 
a new surface. _ Mistakes have been made in the past by building too light 


surfaces on sor some of the main trunk- line roads. was due, first,, to the 


initial oc cost 3 and, second , to not anticipating the future traffic. Sections of 


were rebuilt with bituminous and inino 


more than 6 in. in thickness. — 4 Had the pr present traffic been foreseen (1912-20) 

these same sections would have been built with a much heavier type of con- 

struction. To- day, w with the advantage of the traffic survey, such errors in 

constructing for the p annneh as well as for the future can be avoided. ae 


Type.  \investment] interest 10-year 


Retnforesd conerete..........| $41 182.82 $37 $2 056.64 | $20 948.90 | $62 076.72 
Asphaltic concrete. ...........} 22 549.09 1127.45 | 12 014,50 | 34 563.59 

Bituminous macadam. 057.09 wf 65. 75 + 1 802.85 | 14 486.60 | 40 513.69 
Surface- j 20 581.36 608.08 + 300.00t | 1 026.56 | 19 845.90 | 39 877.26 


475999009 


of Reconstruction necessary once in five years, $3 000 Sencisht poo 


7 ‘A bituminous macadam with a heavier base to compare w ith modern rein 
cement concrete construction, would cost of course, than 


particular projects tabulated. . Again, . by using analysis data 


4 Seal coat necessary once in five years, $800 per mile. 


from Brojecta: built in (1927, 


-y he decrease for, the reinforced cement concrete is due, first, to building 
arger ‘projects, thus reducing the overhead; and, second, to the scientific design 
of the: maine using | the water- ratio method which was reflected in the ¢ con- 
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comparisons between the reinforced cement construction and a 


‘nies macadam i in 1927, given in Table 4, show a | difference of approxi-. 


000 per mile for the 10-year period. 


Initial, | yearsat | “10 Total. 

"Reinforced concrete.......... .| $85 957.42 $17 978.71 | $877.50 $54 413.63 


Bituminous macadam 446.27 5 223.13 1 457. 50 126.90 


- Lack of sufficient data on construction and maintenance costs of different. 7 
types of pavements for the same period, traffic, etc., makes it impossible to 
give proof of the economic advantage of any one type of pavement over another. ee 
However, experience - in New Hampshire leads to the belief that bituminous Be or) 
macadam is a 10-year pavement. It is hoped and expected that the modern — ie st 
reinforced cement concrete nee will have a minimum life of fifteen years, f 7 
judging the known experiences s of other States. Thus, the | State will 
continue to. construct reinforced cement concrete on its major traffic routes; 


bituminous ‘macadam on its ‘medium traffic routes; and surface- treated 


_ Therefore, the writer’s conclusion is that the best type of road surface | 7 
varies directly with the amount of traffic. Consequently, New Hampshire. will > 
‘strive to follow closely the construction and reconstruction | program as out- 
lined by the results of + traffic surveys and endeavor to construct see surfaces bad am 


“that w will meet the > present and forecasted future demands. 2 
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as much gravel "Thin study, therefore, is limited to 


types that ‘are ‘most prev valent. nfortunately, no particular tests. have 


— made for tire v wear on otal treated grav vel roads. . Hence the data 
herein given will not | apply to other surface- treated roads a as tegards 1 tire wear 


In this economic study it. will be noted that some of the costs: are” 


he predominating features. In other words, the ey costs, in so far as_ 
“thes e two ty rec oncerned, mean very little. 


builder, whether it be in 1 highway work, or cannot go 
his credit or the : funds available. Much as he may desire a wide, smooth pave- 


‘extending through the highways and byways « of ‘domain, ‘he 
af must content himself with | a much narrower and poorer quality of road. In> 


; .. other words, while it may be easy to show that such and such a pavement tis 


cheaper in the long run than a grav vel road, so likewise it is easy to ‘demon- 


. strate’ that the friendly grav el road i is more economic than no surface at will a 


ing speed it may attain. as a merchant would be unwise 


to put in a stock of goods that was beyond the customers’ capacity to buy, 


so paving the roads bey yond the needs of the users w would be hepa » Undoubt- 


edly, the customers or users of highways have 


of the builders. It will be a considerable time before the u users are ‘overtaken, 


or, in n other words, before a system of roads is built to suit their demands, if | 


4 ik. ransportation, mn, the problem of the ages, was never as acute as it it is to-day. . 


There never has been as much. to 7 transport as ei not only in total tonnage 


per capita, but in to total miles traveled capita. In fact, it is extrem 


— doubtful whether any 0 one can picture the transportation of the future. In 
1914, officials were accused of extravagance in building county highways - 18 ft. 


_ wide. Far better would it have been | if they h had been accused of stinginess. A 
-day, , 20 ‘ft. is ‘the standard paving width with 30 ft, even 40 ft, in 


special cases. . No doubt in another decade this will seem niggardly and lacking 

in foresight. Undoubtedly, t the road of the future will be wider and “smoother | A. 

than at the present. — » lhe users will demand the right to go farther a and faster, 7 


ee wn.d bigger loads, hove luxuries such as lights, be free from stops, and have | 


“a his does not mean that gravel roads ‘should not be constructed. _ Without 


wind 


will continue to, occupy a very in 1 the highway 
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development, even if i it is not economical to use them in comparison with 

some higher ty pe. In Tables 5 to 8 are given the summaries of computations - 

‘regarding the economics of Wisconsin highw ays. The costs of operation are 

~ taken from the tests made by T. R. Agg, M. Am. Soc. Cc. E., while the tre 
are taken from, tests made by Mr. Hi. Jie Dana, of. the St tate College 
Washington. - Some s statistics are also quoted from the report of. the Fifth 

Annual Meeting of the I Highway Research Board (December 3 3 3 and 4, 1925), 


which indicate that tire wear on macadam roads - may | be from two to seventeen — 


times as much as on concrete and, on v very ‘poor macadam, a as much as fifty- 
six _ times. On a surface- treated road, ‘it was found that a certain quantity o 
oil “was absorbed by y the tire ¢ offsetting part of the wear. ‘and making it n ore 
- difficult to obtain a true or actual loss of rubber. In building 1 up Tables 5 to 8 
certain assumptions, of course, are necessary. In one case, pe i ables 5 and 6, 
traffic density o of 500 vehicles per day for the entire year was considered a 


: _ inereasing with a lessening degree until at the end of 20 years it had reac shed ‘a 


= 


a constant rate of 1 500 vehicles | | per day. The actual tonnage was then com-— 
puted, assuming that the average vehicle weighed 14 “tons. In view of the 
increasing number of buses, trucks, et¢., this is not believ ed to be extreme. 
Bulletin No. 69 of the Iowa State College, it is stated that maintenance 


cost on the best type of graveled road is, = ae: 


\4 


in which, T is the: annual tonnage. 


charge of $500 to take care of the regular petrol, alle which is pit wa ; 

by bad weather, increasing with an increase in the volume of traffic, Using 
garage (1), the maintenance charge for the various years was computed. © 


In ‘computing the maintenance on same Iowa report gave 


tas 


—_————. This seemed to ilies: results less than the Wi 


consin experiance, and the to, yet an 
annual maintenance was computed from Equations and and 
the difference determined. It was then assumed that. this ‘saving « could be set 
aside j ina fund and draw 53% interest, ‘compounded annually. a his rate is 
a probably high. . If all these savings in | maintenance were added together, with cing 
- interest, the amazing sum of $14 788 would be credited in \ favor of the paved 


In comparing the. original -eosts of construction, the of grading and 
4 
were omitted as they would be the same in either ease, IF was 
assumed that the grav el surfacing would cost $5 000 per mile (2. 500 cu. - yd. a 
per ecu. yd.). For every 5-year period, 1000 cu. yd. of: mate v 


the origi cost” drew interest at 


ost would be $18 998 (Table 


al — 
ta 
— 
— 
— 
as | 
4 
is | 
— 
se. 
ad 
= 
7 
> 
tm 
5 
ly : 
In § 
ft. 
| 
in 
er 
ve 
the end of 20 years 
re value of the road, the net 


a 


AR 


uk 


7 et ‘Wr 


= 


828 


» 

98 


9801030] 


NOILOAULSNOD 


-01 


"4800 


u 
Ra 


UL 


» 


Ure 


000 


t 
{tt 


i 


= 
oF 


ad 
Co 


t- 


IG 


= 


626220 

=) 


= 


SS 


liv} 


‘| 


» 


‘ 
get. 


~ 


jenuuy 


PIN DAO 


S.LSO 


ON 


OLLONULSNOQ GNV AONVNALNIVA—'S 


re 
= = 


~ 


J 


: ‘aid $24 000 per - mile and, Abe the end of a 20-5 -year vested, the net cost would be a 
$40380. This gives the an advantage of $21 382 based on these 
‘Tire expense is the of Bulletin No. 17 of the State Wash- 
ington which shows the average © wear per tire per 1000 miles to be 0.372 Ib. | 
~ rubber is worth about $10 per Ib., as the life of the tire is ee on 


In terms of * vehicle the average tire cost is 1.488 cents per iii on a 
et rock or gravel road, and 0.388 cents on a cement road. On | this basis, — he 
as shown in Table 6, the yearly ‘saving in favor of the concrete road ii is from 


hd 000 for @ a traffic of 500 vehicles to $6 025 in . the case of 1 the traffic reaching — 


for a a gravel or pore road and 1. 09 cents per mile for: ‘concrete. 
these computations gave some Tather amazing figures. = the 


a2 


Ld 


‘construction... 


for of $171 952 per mile in a 20-year period. 
“x $4 935 is deposited i in a bank every year, drawing interest at 54%, com- — 

- pounded annually, it will amount to $172 000 at the end of 20 y years. In other a 
words, under the 1 traffic conditions assumed a concrete road $4 | 935, 5 saved 
annually is equivalent to the cost of a gravel road. These figures are stag- 

‘This is. because of the habit of 
neglecting to recognize | the indirect taxes s paid for highways. Bills for tires, 


gasoline, and repairs, are are part 0 of the operating costs. 
Ee There is a grave question whether it is proper to charge intebest on ebings 


. due to maintenance and operating costs. Omitting this item, but leaving it 
‘intact interest on the ‘original | investment, the total saving due only to 
tires, and gasoline, would amount to $120 617 less $21 382 due 
to the original investment, leaving a net saving in favor of the concrete 
$99 235 per mile 6). . The ‘annuity in this case then ‘would be $2 850 
instead of $4 935. other words, without interest, concrete ‘road could 
4 
so that at the of a 20- -year there would be $99 000 in the bank 


future improvement. on the mile of road in question. 


— 


7 
: 
j 
i] 
— 
- amounts to $136 456, while the corresponding saving in gasoline is $42090. = © _ 
Making a recapitulation of these items, and paying no attention to savings 
. due to time losses, wear and tear on the vehicle, ete., gives the following: hy _ 
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range from 300 to 1000. vehicles the same e tire an 

costs per mile (Tables 7 and 8) . W ith this traffic density the saving on the > 
concrete road, if f interest were computed, would be be $102 000, or the equivalent 

of « a yearly annuity of $2930. If the interest was omitted from the operating _ 
costs the net : "ieee in 20 ye years would be $55 000, or an annual annuity — a 
alent to $1 580. 
Tt can be hati seen that the original cost of the surface means very little 

in comparison with the operating cost. The writer realizes that these operating 
costs are difficult to compute. Nevertheless, no matter what the basis, ae 
thing that tends to reduce the operating costs will rapidly rw run into large totals. ~ 
It would of interest to make similar to other types 

The writer wishes to assistance of Mr. Frank Cnare, Plan 
Engineer of the Wisconsin Highway ‘Commission, in making the computations. : 
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Tere not responsible for any statement or opinion 
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/ONTAL CONTROL SURVEYING 


PRELIMINARY REPORT OF THE COMMITTEE OF 


pou 


M. Soc. | 


© ‘The term, “Horizontal | Jontrol”, as applied to surveying is used to desig- 


nate any system of triangulation | or traverse (usually established - in advance 
of the detailed work) which serves to | insure the standard of accuracy of the — 
entire survey. Whenever a survey is "to be extended in any direction, or ig 


details 2 are to > be filled in, it is usual to ‘start a traverse from one of the | accu- _ 


Bind since the error of closure indicates the accuracy of the traverse ‘itself, = *, pal 
general accuracy of the ‘survey may thus be kept from falling below any ~~ a 


specified limit. Since each new: traverse starts” from an accurately located 

wint, the errors of other traverses have no effect on it. Z nidoe oa 
From the standpoint of accuracy such a system of control is is: ‘most satis: 
factory, but at first it usually” appears elaborate, difficult, and expensive. pa 
Hence, it is important that the engineer should re: the true relation we 


of control to the entire survey. Argel tat setae 


‘The requirements of the survey itself appear to be merely permit- 


ting an error not greater tha n 1 part in 10000, for instance; or, ‘$0 that the 1 x a 
of a ‘point will not be in error by more than, perhaps, 0.10 There- 
fore, one is tempted to ask: “Ts this triangulation an unnecessary refinement 


just to show what can be done \ with fine instruments ? ot of 


oh order that a survey may fulfill its purpose the measurements be 
made with an accuracy. ‘sufficient for the end in. view, that: is, the “errors of Pd 


Norte. —wWritten discussion on this report will be closed in March, 1929, 


thd — 
a: 
if 
j 
“4 
4 
= 
t 
— = 
i 
a 
‘on and by the Division Committee on Control Surveys, Messrs. C. V. Hodgson, Chairman, 
2. M. Douglas, George L. Hosmer, A. erce H 
Prof. of Geodesy, Mass. ‘Inst. Te 


ure” ‘must n not. exceed ¢ certain ‘Errors: of measurement always 


accumulate to some extent; they seldom balance exactly. The accuracy of 
locating the controlling points s should be such that, like a structure, the con- 


trol will be strong enough to. earry all parts | of e subseq uent, survey, and 
- nowhere become weaker than the amount specified as the limit. ‘The control 


olds all the parts rigidly in place. | ‘The question, therefore, 1 may be 


answered by asking another: an engineer justified in putting less 
than the mt of steel demanded for safety in order to reduce the total Cost 


of a structure, or to enable him to put more money into its ornamentation?’ | 
Two reasons should make it clear that, control is a practical 1 necessity. 


rst, the usual procedure—beginning a a survey at the point where informa- 


‘ton is most urgently needed an and then adding to it, bit by bit, and yet striving 
_ to keep the accuracy of the whole up to ‘the specified standard—has proved to 
be almost impossible. i Even where accomplished, it is expensive » because one 
must either repeat a great deal of work or else do all the work much mor 
accurately. ‘The control itself, ds distinguished from the subsequent survey, | 
is expensive only in the beginning. As the work “proceeds, the relative cost 

"diminishes, because the same control serves a greater area, and soon, by : saving 

re in the detail work, it pays for itself, often many times over. , ay. 


Second, without adequate control, the ‘difficulties and d delays. occurring be: 


cause of poor checks and the necessity for deciding at every point . which of 
several values to adopt, are serious. Values have to be revised continually, 
due ‘not only. to ‘inaccuracies, but. more to inconsistencies. After con- 
By: verging on some line by two different routes, the computer is sure to find dis 
7 -crepancies because at the start the base lines were inconsistent. . Hei is. certain 
to be faced, sooner or later, with the situation that “two. lines, comparatively 
near each other, have computed lengths that are relatively in error by a much 
larger amount mt than 7 would be obtained by. running directly from one to the 
other. This makes the survey appear much less accurate than it really Pisa 
The measurements of the control are made with high accuracy, but they 
are necessarily subject to small errors. If this. system is adjusted by the 
method of least squares, the first result is that the. geometric relations existing 

- among angles a and sides, not quite exact in the measured angles, are made per- 


feet. The length of a line as derived by calculation from some nbade will then 


eould hardly « ever happen if ‘no adjustment were m made... result 1 is 
of all the possible ways in. which this agreement might be brought 
about that particular one is used which gives. the’ beat values 


obtain strength cand economy, 
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HORIZONTAL CONTROL IN cians: 
s—Grapes OF TRIANGUI LATION AND ' TRAVERSES TERE H 


pans of triang ulation or of traverses for controlling tl the accuracy of 


surveys are divided into four grades, designated as: first, second, third, and 


eke orde1 The basis of classification is the acc accuracy finally” reached. 
“Extensive surveys involve the use of triangles of different sizes and for 
dif ferent purposes, the larger constituting the main control and the smaller 


“governing the. detailed work, ‘such. topographic surveys, Formerly, the 


terms, “secondary” ete., were used, to designate the 


degrees of. accuracy. resulted in some » confusion. ‘Iti is now 


tomary to speak of “ main scheme” triangulation | (sometimes the 
“principal”: triangulation) and the ‘ ‘subsidiary” ’ triangulation. In some kinds 
work the main ssheme, therefore, may be the second or of third 


First-order. triangulation is in n which the average error of ofa 
triangle is about 


pe 
ian 25 000, after adjustment for pong ‘and equations has been ha 
“order traverse is in which the in the of a 


The corresponding quantities f for third- “order triangulation 


7: and. 1 part in 5000. Third- order traverse must have a position check with oO 


To the present time » fourth- order ‘triangulation and d traverse have incinde 


all work that fell below the limits for third- order accuracy, but no scion 
\e tions have ever been written for this class. It is felt by the | Committee on 


Control Surveys that such specifications should be written, and the Cominitiee | 


In the preceding classification, the “ error of closure” is to mean an 
the : amount by which the sum of the three measured angles differs from the 


theoretical sum, that is, 180° plus” the spherical excess of the triangle. The 


“closure in length”, or “base check”, means the actual difference between the a 


aft 
‘Ten th of al base as computed from the preceding base, and as measured or 


given by 2 a a previous ous adjustment, divided by the length of the. itself, it 
4, being understood that the angle and side equations of the net have been oie 


ee _ but that the adjustments or base, azimuth, , and position have not been — 


made. The ‘ ‘position check” is expressed by dividing the distance between the 
‘position from a new traverse and the old (standard) position by the distance — 


This classification was in 1925 the Federal Board of 


ape. + id been classed as 
secondary, and tertiary- 
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trlangulation or traverse, does not excee paruim 
In second-order triangulation, the limits are 3” and 6” in angle, and 1 part 4 
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"HORIZONTAL. CONTROL IN SURVEYING [Papers. 
1921 1925, the expressions, precise, primary, ‘secondary, and tertiary, were 


A ptdauetineldioin! ‘system consists of a network of triangles, the length of — 
“one side of one triangle being known. sufficient number of angles are meas- 
ee ured to make possible the calculation of all the other sides in the net. To 
furnish ‘adequate checks, other ‘angles, distances, and azimuths should be 
"measured. For example, all three angles of each trianigte should be measured ; 
- the geometric figures used should permit of calculating the length of a line in 
more than one way; additional base lines should be introduced at ‘intervals; ; 


and astronomical azimuths § should be observed | as often. as required to a 


in use. 


undue accumulation of ¢ errors in the calculated azimuths. — Such a system 
ordinarily furnishes the most accurate and economical means of carrying “— 


i 


Geometric Figures of a Triangulation — The three commonest 


units i in a triangulation net are (1), the simple (2) the quadrilateral ; 


will ‘span a distance with the least expenditure of time in measuring angles; ; 


J it is not, , however, a strong figure, s since there | are ‘relatively few checks on the | 


and also. covers a a comparatively large Quadrilaterals. consisting of four 
‘stations s joined by | six lines, and having eight measured angles, a are still stronger 
and are generally preferred for a belt of triangulation. ot 
Strength of Figures.— —The strength of triangulation, as measured by 1 
“probable error” of the (computed) logarithm of a triangle side, depends on 
relative number of measured directions and geometric conditions ; (2) 
magnitudes « of the angles" of the individual triangles; (3) the pre- 
ES cision of the measurement of the directions or of the angles. The relative — 
_ strength of two alternative belts of triangulation will depend on the first st and iY 
second. of these three factors, the third being the same for both. The formula 
for computing what 1 is called the “strength factor”, R, is as 
leg 


Tee 


porter 

= the difference for 1’’ in the log sin of the angle, A. tect - nights 

difference for 1” in the log sin of the angle, B. 
en rere are several values for R for 


R,, ete, being the 
may be as to strength by values, = that having 
the smaller = R, being the stronger chain. In case R, is ‘nearly ‘the same = vis 


ae For tables and examples, see U. Ss. Coast and Geodetic Survey Special Publication No, 74 
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or 
that. ‘the of =R shall not exceed a certain. 
amount: before new base is introduced. In first-order. triangulation, ‘the 


~ value of = R, is about 80. This will correspond to from ten to twenty tri- 


angles, to the: strength of the individual figures secured. Of there 


LSE 


is difficulty i in securing a base site, = R, may approach but not exceed 110. On | 


second- order triangulation the desirable and limiting values for = ‘R, between 


bases should be from 100 130, respectively, while on third-order triangula-— 
tion the values should be from 125 to 175 
Equation applies ‘strictly toa ‘belt of ‘triangulation, an and -condi- 

tions which will give a length with accuracy. n the triangulation covers 
oan area and there are consequently “many ante. of loops, this method of 


4 testing the accuracy becomes: more complicated. ‘The calculations x may be 


to have 2 a and end net, than to 
_ depend on a single base at the center, , otherwi ise an error in the ‘measurement 


of the base might remain undetected. “rg 


Accuracy Base Lines.— —The measurement of a base line with modern 
methods is a comparatively simple operation. In a first- order base the total 
actual error* should be Jens than 1 part in 300 000 of the length of the k base, 
the error” of the total length should be less ‘than 1 


for a third- order base, 2, part i 


 1—The distribution of the stations to cover so that the 


bol 2.—The accuracy of the results, as affected by the type of figure chosen and — 

 8—The location of base lines and a ‘strong connection with the triangu- 


Distribution of Stations —The number of stations to be established 
the distances between them depend on the nature of the survey. At the time 
the triangulation or traverse is being established additional survey points 
may be put in at little extra cost. In so far as it is possible to foresee the — a 
. needs, ‘it is desirable to locate such stations at this time, even if it slows down a 
the control work. These ‘stations “may often be located by intersecting on 
points which are n not to be occupied with the theodolite, from at least. ly 


stations. if subsidiary stations have to. be put in later, it means extra 


"expense to re- occupy several. principal stations to measure the 


Papers]. HORIZONTAL CONTROL IN SURVEYING 295 
7 
« 
7 _ nearest base to any line of the triangulation through the strongest chain of  ##—77 
simple figures shall not exceed a certain quantity, 
— 
4 
ma 
4 
1 100 000 and 1 part in 300 000, respectively; and — oe 
Pir 
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ati are used so eequatitty later that the first cost of their location is rela-— 


Where towers to be during the. observing and ‘no well 


‘ 

object or other located station can be seen from the ground at a station, oy . 

. 2 azimuth mark should be established at a distance of at least ‘several hundred 

4 feet in order that an azimuth “may be available on subsequent | local sur eys. 


Under some conditions is not the most_ 


et establishing ‘control. In flat and heavily timbered country, the triangula- : 


tion is: a disadvantage: First, because of the expense of building 
Bs. towers; and, second, because e the short length of line necessitates — 
ae. “number of figures to cover the required distance or | area. _ Although the ordi- 
a y traverse is not of a high order of accuracy, traverse may be conducted 

so as as to give ve nearly the same final accuracy as triangulation. trait 
ata When practicable, the traverse should be run | along a railw way line, 80 as 
to obtain fairly long sights with a minimum ‘of brush cutting. 
(properly "inarked) should be le ft. crossings and at towns: and 
With short lines, the errors accumulate unduly. When ¢ a station 
2 is near a ‘town, the next (adjacent) station should not be more than, s say, two 
~ miles away, so that an azimuth may be obtained conveniently for local surveys. 


these two conditions conflict, the azimuth be carried ‘through on 


line tapes ¢ are used, one being kept for a field standard. ~ Distances: should be. 
checked against large mistakes with a 300-ft. steel tape. 


Ms Asa . general rule the tape e is laid o on top of a rail. When passing from the 

rail to a station not on the railway line, such as a vertex ‘between tangents, 

, the measurement should be made on regular base-line stakes. — ‘Measurements _ 
bd ‘on n rails i in a very wet weather a: are found to 0 be inaccurate > and should ‘be > avoided. 


ame care as for triangulation of the same order. tas 


fy Owing to. the rélatively large number of lines in a traverse as compared 
sie with triangulation, it is necessary to observe on Polaris a for a. 


On first-order traverse ‘an azimuth should be 10 to 15 sta- 
3 tions, and the > probable e er ror of ‘the result should be about 0.50” (for ‘ ‘Laplace’ = 
e 


aa -stations,* the probable er error should not exceed 0.30’) ; on second- order travers 
the should be every 15 to 20 stations, and the probable error about | 


> 1.5’; and, on third-order traverse, e every 30 to 50 stations, and. the error, BM ai 
kak When possible, the geodetic azimuth should be carried through the traverse ~ 
x re - by rai rather ‘her long sights, if necessary using a separate series of stations, while the 


measurement of distance may conducted on shorter lines, 
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Under ordinary circumstances a distance may be spanned by trianigula- 


tion with the greatest accuracy and the least work. It is more independent 
of the character of the country. _ Traverses, on the other hand, must be carried 


across the intervening country, ‘so that lakes, » Tivers, § , Swamps, and dense woods a 
present practical: obstacles which - may be insurmountable. Ordinarily, more 


_ work is required to obtain t] the Same accuracy from traverses as | from triangula- 

ye 

tion, especially if the distance covered is large. Traverses will also require 


ai When the area is flat and wooded, triangulation, loses its. advantage. The 
_ lines must be shorter, and every station will require a high, expensive, observ- 


ing tower. — In such country, if the traverse can be run along a railway, or 
even a highway, it is likely to prove more economical than triangulation, and a 


have the advantages of leaving for local use ‘many stations comparatively close in 

In deciding on the accuracy required for the control, it is important to 
it 

consider that the demand in the future may be greater. than at present. " If 


- the survey is for a topographical 1 map the ¢ decision may be easy. a a city ’ 
ii it i ivr £} 
q survey the control is intended to be permanent, and since there is a tendency 


ton 


for land values to increase, ‘too low an accuracy in the beginning ‘may later 


ane ‘There is perhaps a general impression that the triangulation used to con- | 
- trol the general map of the country is of a high enough accuracy for any local | 
needs. The principal funetion of the National triangulation is to furnish = - 
4 accurate geographic positions, and the accuracy of individual lines is not — 
sufficient where property values a are very high. such cireum- 
stances one or more local bases must be measured. AT 


ine which to work, but the great majority of surveys are not adequately 
monumented. As § a ‘result, great and needless expense is often entailed in mak- ~ 
ing ‘re-surveys. monumentation should be carried out at the beginning 
of - the survey and not left until later. This may not be 80 fully a 

by. the non- technical man, account of ‘expense involved, 
and he may require it to be postponed or given up altogether. — ee 
its importance, the cost of setting monuments has only to be balanced against — 
expensive of lost points from distant stations 


‘a the more imperative because there are no other marks from which to work, 7 
2 is most often neglected on account of the first cost » and per perhaps by failure ee 
‘ to look ahead to the time when it may be of great importance. All principal 
and traverse stations should be marked a. 


imilar to Government surveys. 
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Like elevations, geodetic or traverse ing 
errors. 


_ must refer to a specified surface and the station must be assigned definite posi- 


7% = on that surface. Having selected some station and assigned to it a lati- 


tude and a longitude, and - having assumed the azimuth to some adjacent tri- 


Bsa station, the positions of all other stations may be derived by caleu- 


charac’ 

This is 
likely | 
aystem 


The for geodetic in the United | States is that formerly 
known as the “United States Standard Datum” and since 1913 as the 
“North American Datum”. The triangulation station, “Meade’s Ranch” in 

Since the. Bessel spheroid of 1841 to which earlier Government “control 

“surveys ‘were referred, did not fit accurately» the surface of the United States, or 

tis 


a change was made about 1880 to the “Clarke Spheroid of 1866”. As ‘surveys: i . the 


were still further extended, it became necessary to decide on the best. ‘position : puted 


for the triangulation on the Clarke: spheroid. - Latitude and longitude were other 
foi finally chosen for the initial point so as to ; give a close fit to ‘its true Position ine oh 
as shown by the latitudes and longitudes observed astronomically. fat oe manne 

When taking published Government geodetic ‘Positions: for beginning ratus 
® _ survey, it is important to ascertain whether they are on the Standard Datum ® instru 
described. _F or example, ‘positions ‘published before 1880. should not: be used rately 
until they have been verified. ys ‘Those given in special investigations, such as - | duce ‘ 


the Transcontinental. Are along the ‘Thirty- ninth Parallel, are not on the & first o 
‘Standard Datum. The safest procedure i is to ‘obtain the most. grade: 
‘lished list from the Director of the U.S. Coast and Geodetic Survey. 
Datum f for Surveys of ‘Small Areas. Any “survey in which points are 
located geographical ¢ co-ordinates (latitude and longitude) should be 
referred to the Standard Datum. In city surveys the rectangular co-ordinates 
often defined with reference to some triangulation point or some con- 


spicuous monument, at which the fundamental plane is assumed tan ngent i 


The base lines may from triangulation, but can be more 
accurately obtained by direct measurement. Azimuths n may best be etermined 
> direct observation, especially if the triangulation has been carried a Tong 
‘distance from an a azimuth station; but « even if the lengths and directions are 


om ee directly, it is still importar nt to obtain the position of the s irvey 
a by triangulation stations referred to. the Standard ' 


Petia. In order to avoid negative values, the fundamental (tangent) point ma 


be assigned, in the unit of length used, such co-ordinates. as 100 000 N, “ ; , 
Clate 
100.000 E. Tr he ‘grid” system in use in — surveys and other 0} “oper ations 
is plane ‘system similar to the foregoing.* teour | 
wit 
* For convenient methods of converting co-ordinates into plane co-ordinates, 
reference is made to Special Publication No. 71, U. 8S. Coast and Geodetic Survey, entitled grea 
“Relation Between Plane Rectangular Co- ordinates and Geographic Positions. Vag: m 
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= 
_ The computed azimuths of triangulation lines, as found © by calculation, _ 
using ‘the ‘measured angles of the triangles, are subject to “relatively large 


errors. These errors that affect the azimuths are not wholly of an accidental — 
character but tend to twist | the triangulation, usually in the same direction. 7 
This is due in part to the fact that in day- time observations the theodolite is. 


likely to be be heated — more on one side than on the other, which introduces 
-ystematic ¢ errors into the readings of the graduated circle. 


In order to pre- 
yent an accumulation of these errors it is necessary to strengthen the triangu- 
lation by introducing | additional astronomical azimuths at frequent intervals. 
ie Since all observed azimuths are subject to the effect. of any local deflection 
of the vertical which may exist, they will not be of the highest order of accu-— 
macy unless they ean be freed from the effects of this error. r. At stations of 


first- -order triangulation and traverse where the longitude « can n also be obser ved, 


puted ‘as corrected is as accurate as any 


other azimuth in the survey. _ Stations at which both azimuth and longitude 


are observed are called “L aplace stations”, and the azimuths corrected in this 
manner are 


“Laplace | azimuths”, vith the radio appa- 
be transported. ‘Triangulation, can be accu- 
rately oriented without great expense . It has been found advisable to intro-— 


duce such azimuths ¢ every six or eight figures i in a belt of triangulation of the 


first order. . The | accuracy required in azimuth observations for the different 


grades of work has been | given, and the same limits of error apply to the 


ah, 


To sum up the discussion, the adequate control of an area requires | that 


at Triangulation or traverse stations shall be so distributed ‘tha 
from any point within the area it will not be necessary in detailed sur-— 
to go more than a certain specified distance to reach a control 
station. “These stations should possible, in positions which will 
afford a maximum of usefulness§ 
(2) The accuracy of the and azimuths of the lines, and the 
_ positions of the points, shall be reliable within the limits ‘specified f for 
_ particular kind of survey in question. sie 
(3) The points should be permanently marked and clearly described. 
Stations should be near enough together so that it is possible 
‘to start local surveys by means of a distance and an azimuth as ac 


made by « one ‘who is to ie ‘this work, and who appre- 
Clates the re requirements of the e particular kind of 81 survey in question. 


‘The measurements should be made so that each operation is carried 


out 
with the care necessary to give the « accuracy specified for the final result. : ~The 


accuracy is to be where it i 


VEYING 
> 
i- 
= = 
ys 
re. 
m 
= 
as 
he a 
| 
res 
to 
re 
oS 

sly 4 
nd — 

it is really p WItHOUL TUSs UF ow 


Af 


ci tt i iat 


= 


i ditto sit of od bloods * fT a) 


belie 
shoul 
upon 


tus § 
by 
and 
latin 
prop 
inve 
then 


Batis 
- 
“Dan 
i 
likels 
— to fe 
— 
sim 
festa 
» 
— 
— 
— 


in its 


fit 
CLEMENS Hensouet, Past-PRESIDENT, Am. C. E. 
LEMENS Pasr- PRESIDENT, | Am. Soc. Cc. E E. (by letter).t— 
lnianial Bernouilli often said to me to eschew all complicated formulas ; he | 


believing that the organization of Nature i is too simple to lead to them; and ’ 


should one find ‘such, the explanation is that one’s ; computations w were based 


These things are beyond all use; 


In readin the paper, and the learned discussions upon it, the uestion is” 


to arise in the mind of a thoughtful hydraulic engineer: 


“What i is to be the outcome of so much labor, toward serving the profes- 
= in its work? Is there any use in it all? — What is or should be a weir? 
Should it be the tool of an engineer, or is it a laboratory instrument, on which | 
to found experiments and computations, and diagrams, and. the laborious 

setting up of formulas to encompass these experiments? Should not an engi- — 
- ner, of all professions, constantly keep utility in view? And, surely, is not 


‘simplicity a measure of utility ?” 


= 
| 


Of every one the argument that science can not be fottered 
by considerations of utility; that t science must be pursued for ‘science’s sak 


and motives of ‘utility must be 1 rigorous usly banished ; leading, as as a possibly fe 


properly to engineers rs? Are not in days, as many and more 

inventions and discoveries" made by those who directly and d specifically seek — 
them, as by. those who blindly grope- and experiment, even though they do 
happen occasionally to lay the foundation for the utilitarian of others? 


Discussion of the paper by Ernest W. Schoder, M. Am. Soc. C. E., the 


B. Turner, Esq., continued from August, 1928, Proceedings. eas 
t Received by the Secretary, August 13, 1928. 


Wolf, “Biographies Relating to the of Civilization in Switzerland 


Yo. III, p. 176 (in French) for ef Yad 
Shakespeare, “Julius Caesar”, Act Il, ‘Scene 
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HERSCHEL ON PRECISE WEIR MEASUREMENTS [Papers, 
Consider then, that a notable part of the work of a hydraulic engineer 


the pre 
subjee 


is to measure the flow of water, as hen meets in his pr practice, y Ww vil 


in 192 
este as rivers; ;,and pw little else. For the. case of pipes a meter has -siliap 

2 in existence since 1887, applicable alike to pipes in, or an unlimited 
number of feet (17 ft. actually in use) in | diameter, | ‘the discharge formula meet 


which is expressed in the simplest of terms, and i is usually 1 made to record ‘nstall 

ts results automatically. _ The writer has lately. seen a ponderous diagram T) : 

oving once again that its record is ‘correct, and in this: particular case, edged 


that it coincides with the results found by velocity method’ or, as 


“ 
corre 
t might be put, “the salt velocity method” has ‘been found accurate by com- Bf yesulte 
arison with the Standard enturi meter. 


alled 


The meter need x not installed. A temporarily 


Th 
0 
essar almost the 
any ‘method of work. Of course, there not 


“the fix 


wi 

| 

and useless, even obsolete, as an instrument to meter flowing This 

"water. 


a Not long ago the writer received from the 2 Director of the Delta Barrage, 
in Egypt, a a little book entitled: “The | Discharge of Pipes”, A which described 


’ many, generally to be covered by ‘the Gibson, o1 or by the salt velocity ‘method; 


but as a rule the sharp-creste od w eir has long ago ) become needlessly laborious so! 


__ experiments made to determine the discharge of forms of pipe used in Egypt 2:1 8 
t0 measure irrigation water. It was founded, ‘no doubt, on Egyptian | habits, +d . 
tee? bit Sil Tec 
apparently in vogue since the time of the Pharaohs; but this little book, to the eng 
ind of the writer, is a good parallel to present- -day dissertations on weirs which 
- and weir formulas. ‘Their use seems to him to be as much out of date for [ bored, 
me etering water, as that of the forms of pipe used presumably | for thousands é i 
years past in Egypt, for the same hus fue ot 
is the age of. machinery and mechanisms, compared with ages straig 
of manual and mental work i in the past. { Offices are already filled with com fy piezo1 
"puting ‘machines, typewriters, | dictaphones, cameras, ‘and what besides; 
‘similarly much mechanical work of the hydraulic engineer in the field can any a 
“corre 
_ likewise be replaced by the work of meters and their recording mechanisms. dap 
Take the case of the operation of the Aquedotto Pugliese, in Italy, which in on 
its work of “keeping what was nigh a desert, a flourishing district, uses 400 Tan 
Pi os Venturi meters; or take New -York’s main water supply, that has three 17-ft. a (1 
ae resume the consideration of weir formulas: ‘Let “any one ‘ook: at the Instrt 


lue of one term to be used in computing according to the ail 
lent contains it; ; and ask himself the question: : Whether this is ; not the case 


“a poor sport th that i is not worth the candle”, 


Papers. 
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Pap Papers. 1 


ihe The. defects of all w eir gaugings are not new matters for the consider ation 
of engineers : and it is both startling and * discouraging to find how 
the present paper and dixounion have completely i ign nored w hat was said on the 9 
subject by Floyd A. Nagler, Am. Soc. E., in 1918* and by the writer 
in 1920,+ and the reader will w onder at the dilatoviness' with which p progress — 


is made i in the practical advance | of the art of ' the hydraulic engineer. yin tou 


As regards the papert last. referred to 0, it must be remembered that the 
experiments were made in an hydraulic laboratory, whose ‘including 


oe installation of apparatus and its removal, of necessity counted only 23 days. 
as They consisted of devi ising a more rational form of ¥ weir than the classic | sharp- 


se, edged weir; together with an attempt to measure “head on ine aie 
as “correction for velocity of approach” automatically compensated d for; ‘ad 
meal resulted in 1 finding aw veir the pee of discharge o of which was: ee: ‘ie 

oa _ The exactitude of this result has been questioned by a group of students — 


~~ i in the University of f California ; but merely to have made an approach to such 


a is already a a great advance i in the art. t. Naturally, apparatus used, 


Mm wth 4 them at the hands of eas next experimenters on n the “hollow crest weir” ma 
ing This has been since “May, 1920, repeatedly - expressed to inquir ing friends, and i: 
for future possible service an extract from one such letter r follows: 

ge, “T have learned of the very great importance of having the 


bed holes in the crest tube bored precisely at a right, ora proposed angle to the 
2:1 slop@.t And I regret to state that this direction of bore was not done 


‘vpt 

on with a mechanical direction of the boring instrument, but made only with 
’ @ direction guided by hand and eye, in case of the w eir I built i in Boston. ‘ there | 

the were also too many of these piezometer holes, ‘so that one cannot now tell 

eits / which hole or holes prevailed, and the precise — at which it or they were 


nds believe, were I in position to repeat I would follow 
“the ‘original intention’ and have only one piezometer hole—certainly not 
more than three. This would surely lead to a hollow | crest weir, having a NE 
‘straight line formula. Whether it ‘would also. prove the same, to have the 
on BS piezometer hole, or holes, at right angles to the 2:1 slope, I cannot now affirm. — 
Jes; _ “Another point: Referring to Figs. 4 and 5,§ you will notice the lack of 
can and test, in the true sense of the word, of an the ides 


(1) As the late Frederic P Stearns, ‘Past- Am. Boo. 

expressed it, eg Gn the p present state the art the weir is not an accurate 

instrument for the ‘measurement of f water” and no in 


tas been made, since that was written, 


“Verification of the Bazin Weir Formula by Hydro-Chemical Gaugings,” ‘Transactions, 


Vol. 
Transactions, Am. Soc. Mech. Enare., Vol. 42 (1920), No. 36, p. 205. 
Loc. cit., pp. 208-209; see, also, Nos. 42-45, pp. 207-208. 
Am. Soc. C. E., Vol. LXXXIII p. 172. 
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and « especially. y the sharp- -crested weir, bade or should be, 


gro as cost, convenience, and time-s: 


(3) Experiments upon its disc sharge, and setting up of involved formulas. to 
ortray with more or less precision their results will not wamsowe these defects; 


or are they of use to the hydraulic engineer, . ak 
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PAPERS AND. DISCUSSIONS | 


Society is not responsible for any ‘statement made or opinion ‘expressed 
FOUND. ATIONS- —ITS PRES SENT 


D. P. M. Am. Soc. C. 


Sgations, ms of 10 0 or years: ago. dealt 


Terzaghi, the ‘search has “penetrated into ‘the interior of. clays snd, ‘sands, 


the physical properties of which are now being studied by the civil engineer. 
The present generation i is witnessing the birth of a new science, which may 
be called, “Engineering Soil ‘Seience”, “Engineering Soil Theory”, and 


which | represents applied soil physics” and soil mechanics. Tt is similar to 
“agricultural soil science >; but the latter, by considering principally the 


i 4 
of water and air on the ‘soil, leaves unstudied the load factor, which 


‘is ‘the most important for a civil e engineer. ‘ Therefore, the establishment of _ 


Slab Foundations. —In general, the sheditle'| agrees with the following state- 


ay 


For soils with great cohesion the settlement produced a given load 


‘increases in direct } proportion. with the diameter of the loaded area (Fig. 2i). a 
fo atin distribution of the soil reactions over the base of a rigid slab ey 


4s not uniform. 4 The pressures are equal to zero at the edge of the slab an 


j i i ht 189 


(3) The settlement of a ‘is to of the soil and nd to’ 


Discussion | ‘of the ‘paper’ Am. Soc. ak E., 


“portation Eng., Moscow, Union of the Socialistic Soviet Republics. 

Received by the June 23, 1928. 
4 “Erdbaumechanik,” Vienna, 1925, and others, 

? i ‘|| Proceedings, Am. Soc. C. E., November, 1927, Papers ‘and Discussions, 
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 Howev er, there are some objections to each of these conclusions, 


First — Attention is called to a paper by Dr. Ing. Koegler,* 


_ stated that: the settlement produced by a given load seems: to ine rease net tly 

in n proportion with the diameter of the loaded area only to a cer tain value 

this area, after which i it be ORS. or less. constant. In the > opinion of 


er e as ‘condi ion un era a great sla oes ‘no permi _latera 
Dr. Koegler th lastic mditio nde at slab d t it later al 

flow, an 1e ver 1¢ca ‘se emen a es ace as 1 suppor ing soi were 
4 and the tical settlement takes pl if th rti il we 
confined laterally. Naturally, the opinion | of which seen 


4 ‘based on his: experiments, must be verified. 


4 


at with’ different soils” are made; 


the settlement of the Standard Oil Building = 
4 «Calif. leads the writer to believe in these theories. _ Under load of 4800 Ib. 
sq. ft., the average settlement of the | bearing s 0. 10 in. Pied 

settlement of of the building should te 152 x 0.10 = 15.2 in. ; but t the actual si set- 


‘ —tlement was only 2 in. If ‘the soil we were homogeneous, this fact must be con- 


_ sidered as a proof of Dr. Koegler’ s statement, but phenomena considered in 


" practibe an are not as simple and schematic as those studied in a laboratory. ° | 
the example cited th 1€ SO soil was not homogeneous the settlement the 


a bearing plate ranging from 0. 04 to 0.17 in. The difference is not very great, 


but in any ease there were hard and soft spots in the soil, 80 that the process 2 


settlement ° was complicated by the presence of the hard spots: which prob- — 
a ably produced negative vertical forces acting on the slab. The writer ‘thinks 


that in» the ¢ given case and in ‘similar ones it would be better not ‘to deal | 

with the | average settlement of the bearing plate, but to elaborate a method 

of slab design, taking into. account the lack of uniformity. i in the soil. ona 


i at In regard to the settlement of the caissons at the Chica; ago ‘Union Ter- 


minal, i in ‘Chicago, ‘IL, the writer not position | to give a definite 


opinion ‘on the subject inasmuch as he does not have the description of the 


work§ at his ‘disposal. Therefore, he not know how, where, and when 
settlement the caissons was he believes that a 


area of ‘the ‘friction 


= the height a the « circular caisson, in feet + Wipe the Chicago Union 

the diameter of the circular caisson, 


= the average frictional force, in pounds per square foot, of the 


the load, in pounds per square foot. 


Die des Baugrundes,” Der Bauingenieur, October 27, 1927. 
t Proceedings, Am. Soc. C. E., November, 1927, Papers and Discussions, 2268. 


§ Journal, Western ‘Soc. of Engrs., wivens, 1924, 


— ch it is. 
the 
formed with sands, 
be 
| Th 
— in 
hag 
Pica 
— 
— 


m™ Equation (2 22) is an approximate formula which shows that the resultant ‘- 


vertical force acting } per unit ‘of the loaded area ‘increases with the i increase of | ¢ 
the diameter of the ‘caisson. mn. ‘Therefore, the s a large caisson : 


only because of direct a the diameter, but leo of the 


great resulting force acting on. a unit of loaded area in comparison 


with that acting on asmaller one. 


ig 


aan 


] 


sg — —If a slab that uniformly loaded is placed on top 


ae of the ground in an excavation, a reaction of the soil develops. : Consider _ 

i only the vertical component of this ‘reaction. The vertical, reaction may be 

confined directly beneath the loaded area a (as chown 3 in Fig. 3+); or seal 


be effective beyond this area n the latter a conditio 


must be 1 satisfied, wach that, 


The ease shown in Fig. 38 evidently to the upheaval produced 
vertical component of the reaction. Since it is admitted that 


bulging is due to the lateral flow. only, must be concluded that: 


= =0; This being the case the deriv ative of the distribution curve, 


[= 


in which, 2b. is the width at the slab (Fig. 39). a of, fact som 
soil investigations indicate that Equation (24) be satisfied. 
to the curve of pressure distribution, the writer’s opinion 
have a parabolic for the following two reasons: _ 


1927, ‘Papers ome Discussions, 
oul 


Koegler, ‘Uber ilung des Bodendruckes unter Griindungsko6rper,” Der 


Papers.) -KRYNINE ON THE SCIENCE OF FOUNDATIONS 2507 
Then, the resultant vertical force, q’, would be not Bi asl 
| 
| 
— 
lm 
45. 
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in which, Yo is the greatest ordinate in the center; x is the distance from _ 


the center of the slab; and 2b is the width slab. 


which is not equal to zero, when = b. 


In order to satisfy the conditions in Equation (24), the shape of the 


Yo 


» 


be 


may be modified slightly, for instance, so that: 


For any value of m > 1, and for x= b, the derivative this | function is 
(40) two curves placed ‘side by y side for 
| expresses the left half and Equation | (27) the right half. ‘Equation (27 
iz recalls that of the error function, or, better, of the second curve 2 of Pearson.* to be 
ie. (b) The area of the curve of pressure distribution, as drawn on the author’ 8 termi 
‘Fig. 3 represents the load on a strip of slab 1 ft. wide. © ; If the average ] pres sure rte 


on the slab is Pa it may be written: in, ats) ‘=o 


\Wametion (30) signifies that the pressure at the ‘center of the slab is always. 


8 
F 


50%. than the average. In the the ratio, act 1 


hee on the rigidity | of the slab. In. engineering practice there are no 


aan * Philesophical Transactions, Royal Soc. of London, Series A (1895), Vol. 186, Pt. 1 
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. 
ana slabs, and, with a decrease in the rigidity of the slab, the ratio. 7 


mS ‘The writer insists that i in no case e does tl the di Sidhe: law follow exactly 


Equation which has been cited. merely, as an example. 


‘Third- —The writer believes that the two ‘parallel lines to. 


“two principal sources of settlement (see Fig. 5*) are not really —— 


. that the settlement at the center of a slab is greater than | at its edges. — 
this belief the writer presents ~ the following reasons : @In the middle of a 
“building, because of symmetry, there e can be ‘no lateral flow; hence, the 


pressure (2) ‘the: vertical pressure at ‘the being equal to », there 

4 can be no § settlement due to the vertical - pressure; hence, the deflection at the a 


3 edge of a slab depends only on the lateral flow; (3) if the curve of of deflection 


to vertical pressure (compression) be drawn, it will represent a curve 

with ordinates decreasing from the center to zero at the edges; on the con- 


the ordinates" of the curve deflection due to lateral flow. 
ae from zero at the center to a certain value at the edges; and (4) if 
theories are right, the lateral flow does not from the 
center | toward the edges of f the | slab b during t the entire time, but s stops: when 
- < b (see. Fig. 39). Hence, the settlement at the center of the slab seems a 
to be g1 greater than at the edges. * The settlement of small rigid disks, 3 or 5 ft. 
in diameter, | naturally cannot “give any idea of the 
the center and on the peri imeter of the slab. 
ally, a foundation slab is a statically indeterminate structure. _ The te 
; distribution of soil reaction depends on the rigidity of the slab. _ Therefore, 4 


bending moments and forces vary, in its rigidity. 


approval of the Engineering Profession for demonstrating that clay and water — a 
form § an intimately connected system. ‘Hence, the mechanics of clay, without — 


“considering the influence of water, practically became ¢ absurd. The writer 
desires ‘to show that i in some cases not only the water, | but. also the air, has a M 


The author states{ that “if the voids of ‘ ‘soil are filled with air, the 


change ean take place at because the excess air can readily 
escape. toward the surface’ The. writer thinks. the « air ‘present in ‘soil may 
“act in three different ways: (1) So at, te one way or another, it com- Pa 


Soc. E., November, 1927, Papers and Discussions, p. 2272. 


te? 7 Brugsch and Briske, “Einfluss der Nachgiebigkeit des Baugrundes auf die th 
y ausserlich statisch unbestimmter Bauwerke,” Beton wnd Eisen, 1914, pp. 15, 53, 85, -— 183. 


t Proceedings, Am. Soc. C. , November, 1927, and P. 2271, 


| 
a 
— 
a 
% 
q 
= 
slab, although Hooke’s law is not applicable to soils. Hence, the soil defle- §$ (i! 
tions, reaction distribution, and stresses in the slab are interrelated. Ths 
idea is not new: In 1914, Brugsch and Briske published a paper on the 
— 


apers. 
a municates to the surrounding atmosphere ¢ and assumes ‘directly the temperature 
e pressure of the nearest particles of the ¢ atmosphere; (2) so that it | 


not “communicate the atmosphere by ‘means of air channels, but is 


_ pressed against soil particles by the water in the soil. | This j is analogous to a 
bubble i in a spirit- -lev el, and may be termed ‘entrapped or pinched” air. Such | 


Wiss 
air bubbles | may often be microscopic in size; and (3) as adsorbed air which 


aa The first of these conditions i is the one recognized by Professor Terz aghi. 
As to the second, which ‘naturally must have great influence on the elastic 


+ _ properties of ‘soils, the writer is “not sure of its presence in the deep layers” 


of the ancient natural clays. As to relatively modern deposits, however, and 
especially the artificial fills there is no doubt as to ‘the presence of entrapped 
air 


. Therefore, an aotiathgeyteel of the effect of air and , if necessary, the 
ntroduction of the e ele ‘ment, “oir” , into the system, “soil . + water”, seems to be 


__ The writer believes that a study of capillarity as applied to ‘edible in the 
soil, leads to the conclusion that there is also a certain quantity of entrapped - 


aint Tf the clay pores are not completely filled with water, there must be air 


4th 
{ 


present. Furthermore, because clay pores represent excessively, thin clefts, acini. 


it is very difficult to that: the air may easily escape th em. At 


— 


-benea 


any rate, the influence of the entrapped air on the elastic properties of soils , ing 5 


Pile Foundations—It i is interesting to ‘consider the author’s views on pile 
‘eiiniabias in reference to the pile- -driving formula of Professor Guersev 
which is widely used Russia. Professor are 


sp == rebound of the it after the blow ; an 


coefficient of the lost work, depending on the nature of the wh 

ethod of its driving, ete. 
ist Hebe, Ww work done by the drop of a hammer consists of three parts: +) Pile ti 

deformation; and (3) lost work; for instance, incre yh 


in temperature, ete. This may be gilt "move 


ignores the term, r, so » that E Equation (31) part 


the 
p 


> 
he cocflcient, 1 = b, depends on the value of Qa aa the cross-section of he r 


*D. P. Krynine, “On the Technical Role of Air in Soils” (in Russian), 

Krynine, Ovsiannikoff, “On the Capillary “Rise” 

Cement Magazi 1916; First ‘fasue, p. 2; ‘Second issue, p. 
an ge Grantee Soc. C. E., November, 1927, Papers and Discussions, p. 2273-227 
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the curve Equation. (31) is a hyperbolic one: 


ite coefficient, ,n, depends both on the nature of the pile and on the na 
of its driving. or instance, for wooden without followers, xn = 1 


for concrete piles with followers, n = 0.5 Definitely, the formula, in kilo- 


if 


This: formula, somewhat the appearance of quation (3),* but 
tion (35) neglects partly the length of the pile, and the modulus of elasticity 
of the pile material enters implicitly into the value of 


The author’s hydrodynamic s stresses induced in “soils is 


“brilliant, but there is sor 1e quéstion as to the | "squeezing of water out of soil 


beneath the point of the pile Suppose the pile As driven into clay contain- 
50% of v roids which are completely filled with Ww water. Then, the thickness 
of the film of water around the pile’ must be, approximately 


T = ag 
in which, d is the diameter of the pile. — In. Fig. 41 the full line represents the 
: position of the pile | before re the b blow and the dotted line, the position after the a” 
blow. Thus, the film of water around a 10- in. pile v would be. 1} in, thick, which 
~ seems | to be too much. . Therefore, the writer thinks that the vertical force — 
transmitted by the pile: (a) Compresses the soil, thereby causing ‘the pile oe 
downward and lateral flow, of hard particles; and 


(b) acts on the soil water just as in any case of clay loading. 3 ; In Fig. 4 42 2 the — 


: ‘part. of. the vertical force acting on the w ater is divided into two components: 7 
(1) The horizontal force, moving water aw ay from the pile and thus « -compress- 
ing tl § 1 (2) the f ce pa rallel to the ‘su fe ce of the pile. 
} g the entrapped a air; and (2 ) tl ne force par. rfa the pile. — a 
The r reaction against this component of for ce is Ww shat causes the film to on 
surface the pile. 
the writer’s opinion, only if there is s air in the: voids. The 
ve 
of ¢ in Fig. 42 are assumed to be 


a 


Terzaghi, “Erdbaumechanik,” Abschnitt 12, 20, and others. 4s 


Krynine, “Elementary Proof of Shale-Likeness of Clay” Particles,” 


* Proceedings, Am. Soc. 1927, Papers and Discussion 
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pile-driving.* They have also works dealing with the 


ape 
determination of. the depth, t, of the foundation. paper by Pro- 


fessor Kjirdiimofft three formulas, those of Paucker and Jankowsky, came 


from Russia into European literature.¢ 
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= the depth of the foundation 

= the height of a sand prism, area and to 
= the angle of the internal friction. yl dee 


Then, Paucker’ 8 formula i is: 


‘The first formula of Jankowsky is: 


- * Jankowsky, “On the Resistance of Pile Foundations,” Journal, Ministry of Ways rf 4 
Communication, 1887; Guersevanoff, the previously cited paper, 1916 ; Dmohovsky, Papers @& 
fis on the influence (a) of the geometric shape of piles; and (b) of the eccentricities of loads, - 
- Works of the Moscow Inst. of Transportation Eng., 1927. There are also other mae by gE 4 
same author and his textbook on “‘Engineering Foundations, 1928, 
Kjiirdiimoff, Frage des -Widerstandes der Griindungen | auf natiirlichen Boden,” 


The of these formulas is to found in Terzaghi’ s ‘““Erdbaumechanik 1925, 
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ni 
He considers the effect of 1 a horizontal force as well and ‘aliee that the soil | 
reactions tallow the sine law.t The ‘same ‘problem been « outlined by 


Prokofieff.$ The writer is also occupied at present with the experimental 

Miniaeffg proposed 1 the formula: fy 


ae 


F stresses in soils follows the same laws as in a a solid; (2) § “sets” in na dry 
substance are not functions of forces; and (3) stresses in dey substance are 


determined only by elastic deformation. The problem consists in dntewinies 
» Bit, under a . given set of forces, an ‘Guatic deformation of the soil takes place. ] 


‘ If not, a supplementary set of forces must be applied, namely, the weight of 


the soil above the level of the bottom of the foundation. 
ouzyrewsky|| considered a condition of the soil when all the deformations | 
are elastic only, and formula: 


In his paper on t the theory of dry substances, Nemiloff{, ‘developed a 


which, like 1 the of Belzetsky, takes account the width, b, 


a the foundation. It is worthy of note that, in 1913, he proposed an apparatus — 
3) g determining the coefiicient of internal frietion** ** based on practically the | 
same ‘idea as that: for the ‘apparatus used in 1917 by Special 
Belzetsky, ‘“‘Statics of Constructions,” 1914, p. 95. 


4 Prokofieff, “Theory of Constructions,” ¥ ’ 1928, Vol. II, p. 258. a one 


“4 “On the Distribution of Stresses in Dry Substances,” 
“Foundations Design” (in Russian), 1923, p. 38.0 
_{ Nemiloff, “Contribution to the Theory of Dry Substances,” Journal, Ministry of Ways 5) 
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‘Committee to. Codify of. ‘the: Bearing 


beat This fact shows that there is s a need for a scientific center to look after 9 Gon 

the technical literature in civil e engineering the world over, in order to avoidthe Bo 

‘ation of work and to utilize the technical ideas of different 


The Society. seems to be an appropriate agency for this. purpose. 


"Generally, Russian civil ‘engineers seem to like the soil and 
Aw theory, and there are many papers and discussions Godientes to this subject. 
‘The writer calls attention to the works of Prilejaefit Spalving.¢ The 
5 atte gives a new theory; he not only takes into account the equilibrium ofa § 
soil prism as P Paucker and others do, but he studies the stresses that develop § 
in the interior this ] prism as well. 
Since 1922, engineers highway engineers) have given 
7 4 their attention to 1 the necessity of studying the physical properties of soils. 


writer was the first in Russia who expressed in printed form the neces- 


“ae _ sity of co- operation b between highway engineers and soil scientists. § In 1923, 
the Russian Highway Department. and, later, ite Highway Research. Bureau, 
began its activities along this line. hen Professor Terzaghi’ “Erdbaume- 
chanik” ' appeared in 1925, it became clear that a new “slant” hed been given 


Classification.—Engineering soil science hi as advanced considerably 
a in recent years; but a ‘definable: system of soil classification has ‘not appeared, 


until now. The research © engineer is in a difficult position when receiving a 


sample of soil from a job. e He “may tell the builder as much as he wishes 


onl 
about the internal friction of the soil, about its its per- ly pa 


meability, ete. 3 but the only ‘question asked is, s, “How many pounds ary: “assump 


4 


_ A laboratory cannot produce the answer to this question categorically. 


The most practical solution of | the problem seems to be to elaborate a com the ie 


- bination of simple laboratory ‘experiments with a ‘simple. routine test in the a 


u 


_ * Proceedings, Am. Soc. C. E., August, 1917, Papers and Discussions, p. 1179; side of 


j - ily Prilejacff, “Contribution to the Theory of Pressure on Sustaining Walls” (in Russian), sion, th 


Spalving, “A Theory of Dry Substances,” ‘Russia an magazine), auch s sn 
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PAPERS AND DISCUSSIONS 

Society is not responsible for any statement made or opinion expressed 


W 
ANALYS SIS OF ARCH DAMS BY THE 


iscussion* | tie 


mae 


letter) 4 The deserves credit for 


iieabi this method of calculation to discussion, ‘since it may lead to improve- 
ments in the design of dams. Their main discussion is confined to the cal 


cu- 
lation of stresses under certain conditions, the assumptions made 


only partly dealt v with. ‘It seems to the writer that a a a discussion of the ; assump- : 
tions is the more important phase. - rough a approximation based on correct. 


assumptions with regard to ‘shrinkage, temperature changes, yielding of foun- . 

dation, e ete., is more valuable than a a highly refined computation based on wrong 

assumptions. However, it is easily understood that the authors wished to limit = 

‘ Ignoring all parts of the structure in which : tensile stresses occur in n order *. 

to calculate the greatest compression stresses : seems at first glance to be on the 

side of safety. However, if if at first a single crack is opened, due to high ten- 


‘sion, th ‘the tensile stresses at ‘the 1 neighboring sections are at once reduced to 
such small magnitudes, that: the o oceurrence of more cracks is not probable. *~ : a 
A cantilever with only one horizontal crack at the foundation joint is less — “¥ 
fexible than a cantilever without tensile strength.§ order to obtain 

the necessary deflection of the arch rings, the eccentricity of the load on the 


cantilevers and the compression stresses at the toe must be greater if only a 


single crack is formed than if all the tensile. strength ‘can be neglected. 
When a part the arch section is either affected by tensile stresses 


mestructed i: in 1 the ‘manner, it is avoid this waste of mate- 


_ *Discussion of the paper by C. H. Howell, M. Am. Soc. C. E., and ‘the late A. i 
Jaquith, Esq., continued from October, 1928, Proceedings. a 


Engr., Trondhjem, Norway ; temporarily with U. 8. Buregu of on 


ale Received by the Secretary, May 29, 1928. fe hed 
_ § Some experiments on this subject have been made by E. peo Civ. er. 
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NALYSIS OF ARCH DAMS BY TRIAL LOAD ne, ‘[Papers. — 


rial. 


mula valid for arch dams, thus ‘adding: to the ability of the arches to pes i 
without increasing the stresses _ in order to improve the safety” factor or to 


cut down the dimensions of the structure. _ He thinks that this result can be 
ained by u using a ‘multiple- pressure grouting system, dividing a number of 


the contraction joints" into” closed compartments by vertical and horizontal 
water- stops, so that each of the compartments can be grouted ‘under separate 


‘pressure. . By such a system it is possible to apply initial stresses in the dam, 
7 ‘distributed in such a a way t that the resulting stresses due to load, , shrinkage, 
cooling, and grouting are approximately equalized c over the section. - Not only 
_ will the arch effect be improved by making the cylinder formula valid in this 
7 ca way, but by pressing grout: into closed compartments an actual pressure grout- 
= ’ ing: also can be obtained in order to reduce the stresses in the cantilevers and 
at least: to. to some extent convert the tensile stresses into ‘compression. 


writer agrees: with the authors: that dams constructed 2 as at present, without any : 


wv canyon is wide as compared with the height of the d dam.* * "However, by apply- 


ing a multiple- -pressure grouting, the use of the | constant- angle arch principle 


ean also be made suitable for dams in wide canyons, since the cantilever 


can be checked. Furthermore, the use of partly open joints of, say, -in. 
+ -in. opening, ‘makes it possible to cool the dam a by circulating wa water in order 
‘to get rid of the chemical heat before grouting and to the grouting 


without waiting for a natural 
he direction _ 


oop method of calculation in itself not seem quite ‘adequate until 
eal three factors affecting the load distribution a are taken into account: F aw the 
bending of the cantilevers due ‘to the lateral expansion which is caused by 


"arch stresses sand vice versa ; second, , the et effect of stiffness | against torsion ; “and, 


‘the: 


face a on tensile stresses at the stream 
< face. The lateral « expansion due to these stresses tends to bend the cantilever 
7 down stream, thus reducing the bending stresses in the cantilevers. . After the 
ons arch stresses are computed, this bending can n easily be calculated f for all can- 

=. tilevers. The influence of lateral expansion—due to stresses in the cantilev 9 
load « only—on the arch | deflection will usually be negligible. 


_ In two cases the writer has found that the stiffness against torsion of can- 
‘en and arch rings reduces the ‘stresses slightly, but, since this effect 1 is s of 
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urd, the against tangential displacements in the structurg | 

Proceedings, Am. Soc. C. E., January, 1928, Papers and Discussions, p. 76. 
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little. importance, at least for { the csteiailien dealt with, and as. they are difficult 
to compute, he agrees that it is best to neglect it. Perhaps, the torsion may 


be of importance for very thick arch dams. 
_ The stiffness against tangential ‘displacements, on mn the other hand, may be 7 


of considerable importance in some eases, and when taken into” account may 


cause a considerable redistribution of the stresses. The story of two » dam fail- — 


ures described | in the technical press* gives” a convincing illustration of the a 


importance of this stiffness. - In « one ca case » the rock abutment of the arch was 
washed out ; in the other case a gravity abutment turned over, x so that both p = 


arches were without support for more than one- -half their height. However, 


‘the arch itself did not fail in either | case. If the dams were > considered a as 

consisting of arch rings and cantilevers. s, as discussed by the authors, and the 
arch rings were | without support and were unable to take any load in the upper _ 


half of the height, then the cantilevers would be certain to fail ‘since the sec- 

tions were very slender. In the second ¢ case, the dam would have t to stand the 

“total water pressure without support from the abutment for some time before 


the water was lowered. Moreover, it would have to stand the shaking due 


‘to the failure of f the e abutment, ; Only factors other than 1 those dealt w with i in ae 


as indicated in Fig. 37. 


ith 
have not “failed writer tests on 
model Trondjhem, Norway. (See Figs. 38 and 39. and 


the foundation were both of soft rubber \onebtell’? in a w sooden foun’ and loaded 


with water. Radial “tangential ‘displacements v were measured for seven 
vertical and six horizontal sections (see Fig. 40). The diagrams show at once = 
that ‘there isa “twisting the foundation due to a bending moment which 


verifies the calculations made by the writert fo r the yielding of elastic foun-— 


dations. Furthermore, tangential displacements are found to have about the 
expected magnitude, and they cannot occur except connection with tan- 


‘gential shear forces, which tend to ine crease the stiffness of the ‘arch rings 


a 
against “deflection. All different kinds of. rubber considered showed a 
“high time | did not. give an entirely straight stress-strain diagram. 


Furthermore, Poisson’s ratio was about 1:2.2 the rubber chosen for the 


experiment, instead of 1: :6 or A: 8 for concrete, and this makes s soy difference Ps, 
in the coefficients for the shear ‘deformation. 


to the time effect, ‘it was difficult to get accurate and 
these may be taken mainly as qualitative and not quantitative. The radial 


def u ed directly by means of micrometer with electric 


ection was measur 


screws, screws were ona post, one | screw at 


Engineering News-Record, Vol. 2, 1926, p. 616. at 
“Ueber die Berechnung der Fundamentdeformation, Det 2 Norske Videnskapsakademi, 
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tion for which ‘the displacement were to be measured. The were 


read to the nearest 0.0002 in. . and the m maximum deflection was about 0.06 in, in. 


“with, a a great ratio between | span ‘and height, : that j is , for all the dams vienna 


ie 
data : 


a 
Centei Line 


mmettica 


LOOKING UPSTREAM | 


hase 


Solid RubperA, 


co 


2 


og) 


Fe. 40. —MopeEL Dam OF Sort RUBBER. DUE TO WATER- “Loan. 
In a shinee arch r- ring: of constant thickness with a uniform distribution 


of the load, _ the computation of tangential displacements is relatively simple, 

and this case will be described i in order to give an idea of its importance. To 

“deal: the problem the foundation is assumed to be unyielding. By means 


ofa trial, load method the tangential displacements can be taken into account 

‘more accurately whether or not ‘the foundation i is assumed to be firm or yield- 


Ing. * The matter of making the computations is mainly a anetien, of patience 


m method of computing radial deflection: in arches is known 


o 


= 
€ 


(PLAN 


displacements. the gives the final formulas without deriva: 


ree * See the writer’s discussion of the paper by B. F. Jakobsen, M. Am. Soc. C.. z.. ~ entitled 
“Stresses in Thick Arches of Dams,” Transactions, Am. Soc. C. E., Vol. 90 (1927), DP. 475, 
and the Report on the Stevenson Creek Test Dam, Proceedings, Pt. 3, Am. Soc. C. E., May, 
1928, p. 129, where it is stated that the writer’s formulas for the foundation yielding are 
checked by the experiments. These formulas are also included in the trial load method as 
= used at present by the U. S. Bureau of Reclamation, see the discussion by J. L. Savage at 
Ivan E. Houk, Members, Am. Soc. C. E., on this paper, Proceedings, Am. Soc. C. E., at 
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os at the crown of the arch. due to a uniform | lond, Po 


/ 
0 or: 

in which, A, and p are two coefficients ;* = the us to the axis: 


r= the vadioon ae the up- -stream face; t = the thickness of the arch; and be 


x The radial deflection, 4 r, at any point of the arch compared with the deflec- 
tion at the crown is given by Equation (116): 


a 


2 


in n which, f the centra 
te crown to the in question, both i in 
_ Furthermore, at any point except the crown and the abutments a tangen- — 


ahs displacement, 4 b, directed toward the abutments takes place, as Seliger 


See the writer’s discussion on the paper by B. F. Jakobsen, Am. Soc. Cc. . EB. entitled 
“Stresses in Thick Arches of Dams,” ae ae Am. Soc. C. E., Vol. 90 (June, 1927), 


. y 
erred 
— 
lz 
laches 
: 
“ 
A 
bution — 
utlo 
ential 
deriva- bg, 
— 
itled 
D. 
- 


ON ANA YSIS OF ARCH AMS BY ‘TRIA AL LOAD METE {OD 


vu — 


(ver 


_ ‘Thea accuracy of Equations 11’ ) and (119) is illustrated by Tables 14 and 15. be 2 


TABL E 14. , FOR ENT VALUES QF THE RATIO, —, 
ACCORDING TO EQUATION (116) AND mene ie: 


eh 


I 


TABLE. ‘10 RENT VALUES OF THE Ratio, 2, 
ACC CORDING TO Equ ATION (118) AND EQUATION (119) =. 


@ 
0.107, 
113 | 0.164 
0 | om | 
10808 
nate. | 0 | 0.167— 
0.118 


6 | 


—|— 
| Approximate.. 0.082 | 0.061 0 
or one-half the central angle, q is equal to 1.0472 radians 


the tangential displacement midway the crown and “the abut 
; ment is found ‘to be about one- -sixth the radial deflection at the center. cae: 


ha If the dam w were e divided by contraction joints very closely spaced, and if 


there w ion in the joints, there would be no resistance against “such 


— 
id 
can 
= 
— 
Equation 4 0.569 | 0.202 | q 
abu 
— 
— — ols 
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VOGT ON ANALYSIS OF AM BY TRIAL LOAD ‘METHOD ye 
tangential displacements, since section w then be very flexible in 1 this 
direction. However, the space between the contraction joints for most dams 
(very large dams excepted) is usually § greater than the thickness of the dam, 


and hence the stiffness against tange ntial displac ements of each section taken 


_separately i is greater than against radial deflections. ‘Then, too, there i is alw ays 


large amount of friction. to the arch thrust) to: resist the sliding of the 


_ two sections relative to each « other. . Especially if the joints are grouted, it must 7 


‘te assumed that this friction is great enough to make the dam act as al mono- 
_lithie structure. if the sections can slide relative to « each other, | a tangential 
E displacement can be produced | by the bending of the sections, as shown i in Fig. 


-42(a); but if the sections cannot slide relatively, the tangential displacement | 
can be produced only | as a shear deformation, each square being limited 


Fis 42(b). This ¢ diagram also the ‘shear stresses producing the defor- 


mation. the bending deformation is taken away, and only the shear 


formation 1 remains, a relatively large force is needed to pen certain 


displacement. _ In other words, such a a condition makes a a dam very resistant 


_ If this shear is combined w vith the arch thrust , the direction of the prin- 


Se stresses may be about as shown « on the right. side of Fig. 42(b) ; ; the arch © 
thrust is bent downward in an ‘inclined direction. at the abutments. the 
- abutment has a salient angle, » as in in 1 the « case of the rubber model, the thrust i ae 


concentrated just at that point, as may bet seen finn | the ¢ great tangential die 


"placement (yielding foundation) in Fig. 40. 


a it _ Since » in th the two dams mentioned, the abutments failed and the ovehllt did 


iy ‘not, it may be mere to construct ‘safe 1 multiple- arch dams without = os 


t as shown in Fig. 43; the arch thrust at the center of the dam is led down n to 
the foundation at ‘ end of the vertical arches, and the arches are xe comnated 


in such a we ay ‘that the water 7 pressure not balanced by arch thrust or cantilever ; 
action is balanced by tensile stresses at the reinforced connection between the 


"A In this connection, it is of value | to compute the oo of the arch ring» 


if all tangential displacements absolutely are prev ented and the arch is loaded 


with a uniformly distributed load and other conditions are not changed. — Be- 
‘Sides the normal force, N, the shear, S, and the ‘moment, M, , at both « ends of an 
element of the arch, a a tangential force, Q,: per unit length of the arch axis, is as 


‘needed to prevent these tangential displacements (Fig. 44). This force, 
is the resultant of the tangential shear at the upper and lower boundary of the 


arch ring. =: The thickness measured | square on the plane of Fig. 44 is assume 


[5 
4 
= 
23 
ans 
ach 
— 


to be equal t to the lie Three conditions lena in order that the 
element in Fig. 44 si shall be i in equilibrium: 


The total radial deflection, y, y, can be considered as consisting of the deflection, 


y,, due to the moment, M, and y, due to the shear, S: enh an iy Bes Seas a 


LA 


as 
bec 
% 
vented and only radial deflections are allowed : 


the compres ession can expressed by the normal force: 


‘The usual formulas give the derivatives of the terms, and Yor which 
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of the different unknow n magnitudes by means of 


The moment and shear can be oT by the deflection: 


al 


~ From the symmetry of the arch it follows that at the crown n (g 5 — 


At the abutments (¢ = 4, ), y = Further more, the moment in 
_ produces - no change in direction for the arch axis at the abutment if the dam 

_ is assumed to be fixed at both ends. The in there can 

be caused by the shear, 20 wee for = 


& The general differential equation is satisfied by the expression 


oak 


and and C, are four constants, cons 
by the conditions at 0, and ¢ = Th 
single solution which agrees with t conditions i is: 


‘B= 


le Ba® sinh age cosh 


At the crest of the 


. q 42 


0) 

g 
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7 ile may be seen from this development, the final formula (Equation (140)) 

the deflection at the crown of the arch the s same whether or not the arch 


= is prevented from tangential displacements, except that the coeffic tient, te 

a in Equation (115) must be re replaced by Ay if these displaceme nts are yore nied, 


By calculating the coefficients, and the influe nce of the stiffness 


pr _ tangential disp] ements on the ‘stiffness against radial displacements can ‘. 


"judged. For in tance, for an arch with a thickness, equal to one- twentieth 

the radius, 7,, of the neutral axis, Equation (115) shows that if - 2.8, 


€ 


A 1.075 if ¢, = 30° and A, = 0. 997 if $= = 60 degrees. ee to HW 
values for the ‘coefficient, are 1.67 and 1.87. * This 


means that if the dam i is absolutely rigid against | tangential displacements, the 


ard stiffness of ‘the arch rings will be increased i in a ratio of 1. 075 to 1.6 67, or 55% | 


2 4 ~ fort the first case e and, cor respondingly, 88% for the second case. Of ¢ course, the 


dam is ) not absolutely ‘rigid against such displacements; it is only y very rigid 


"shear deformation i in the arch does not influence the» vi of ‘the coefficient, 
OA » very much. To neglect the shear deformation in the development given 


previously is the same as equal to zero, and then the coefficient, 


Aa» is simplified a as follows: 


(sinh w — w) (cosh w — cosh 
all at sinh w cosh w + sin w cos w 


260 


6 


~ 


oil This formula for the coefficient, A, as a function of w is demonstrated 


graphically i in Fig. 45 » the arch i is prevented from tangential displacements 


_ by y means of tangential reactions, (shear forces), the arch thrust at any point 
is is proportional to the | deflection 2 as hit by Equation a. . Therefore, at 6 


arch thrust j is transmitted in this way, but only a of it. How 


this is depends | mainly « on the ratio between | span and height and the other 


dimensions of the dam. Imagine, for instance, that the load, Pas taken by arch : 


action is divided into two parts, one part, ‘Dos being carried by the horizontal _ 
arch thrust over to the and another transferred by 
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tangential shear over to the other arch rings. — Together these © parts of the load 


) 
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=" 1 - Neglected ) 
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alues of A 


ap 


3 
The first part of the load, Sn giv es an arch thrust carried si ov er 


to the abutments as ‘mentioned, which signifies no tangential forces between 


the ; arch rings. - Instead of that, this part of the load is ) inseparably connected a. 


with tangential displacements, 4 b, as computed by Equation (118) o or E qua- 


‘part, py, gives no displacements according to the 


but, instead, the part of the arch thrust must be 
trmamitted over r other ach rings vertically, to the foundation. 
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z total arch thrust at the center li ne transmitted in this way on each half of 
= the arch is, = Te, for a of unit thickness i in a a vertical 


rin rings is just that which is 


 «‘Itis certain that this division of the arch load into two parts ¢ ean only give 
an approximate result, since the total arch load, Pa; is not a constant along the 
ar ch | and, consequently, both Po and 1 p, cannot be constant. ~ However, it may 


_ be useful in order to obtain an idea of the conditions. rs ne ee 


To at the problem still more, , consider a dam with triangular cross: 


section across a parabolic: shaped. canyon, | as s shown in ‘Fig. 46. One- ha alf the 


ie at any point the horizontal pon or y, from 


The shear stresses, horizontal and vertical, the plan of the dam are 


r= 3 ,inw hich, | G is the shearing modulus. When the thickness of 

d difference in shearing per unit length of the axis 
between the apper “limit of an arch ring is , and the total dif- 


ference in this shearing force from to abutment must be equal to the 


For the integration assume that the product, p> is approximately 
By 


; the variation is negligible, at least for the upper ci of the arch. 
‘in Equation 


‘Pa 
Bi. 
— 
be 
— lo 
if 
th 
e 
ze 
— 
—_ 8 (6. e ratio between p, and p, will be found a4 


A 


= 
¢ 


If Poisson’s s ratio, is 
= & 


to 1.8, an average erage > for 1 the whole upper part of 


Adam w ‘ith zero zero thickness 2 at ‘the crest takes zero arch load at the cres crest, and 


med ‘that Po to least for small values of 


This function for Po cannot be cons valid | its: entire height 


because that would only lead to absurd conditions. At the base all ‘the arch 


load n must be taken. by shear | since the lowest arch is ; directly connected with 
foundation along the entire length; “that ‘is, py = ( 0 and infinitely 
great. _ The total arch load is always greater than zero at the bottom if the 
—— profile of the dam is curved. These e conditions are fulfilled, for instance, 
it Po is ; proportional to x (a ary , except for small values of z. It does not * 
matter very much if p, is determined by a more complicated fulfilling 
the conditions at the limits. does it matter the transfer between the 
ecuiat function at the ‘top and the parabola at some section below i 


assumed. The main thing is only that p, Must increase at a 
"portional with zat the top and then must follow any smooth curve me 


at z= H. If Po is found by the parabola formula , the 1 ratio is, 
= 
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a comparison of values obtained for the | ratio, 1 

‘TABLE 16. OMPARATIVE VALUES: OF - 


Po to x Po proportional to x 


0. 9 


* 


0. 225 


+e 
i] 


Infinite 


As w will be seen, n, the ratio is not a constant value, but in the ‘central ceil 


of the dam the variation is not great. y The same result will be found if other 
Teasonable assumptions for py are > made. The v value depends mainly on 
a. ratio between the length, Z, andthe height, HH. 


. 

similar analysis can | be easily made for other cross-sections and 


oF 


» of the 

vertically | down to the foundation by tangential : shear between arch 

_ ‘This fraction is found to be smaller than i in the case of a triangular section 

ts if the thickness of the dam is the same for different elevations, as in on 
Stevenson Creek Dam. Since ‘practical dams always” have ‘a more or Jess 
; triangular shaped cross- -section, the writer has used the following formul in 

the computation of stresses in some dams: aa 


Gil 
would gi 
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— 
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ot 
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— 
| 
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is 
“fol 
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137) Be 


F ARCH DAMS BY 


| 


ner ical calculation “Equation (1 148) is to 


Both Ao and om be taken directly from the diagrams, and is the ratio 
given by Equation (156) or Equation: (157). 
i i. For instance, for the Gibson Dam, the length is about 4.5 times the height, 
_ the ratio between the coefficients, » Ay and | he » 18 about 1.§ .8 for the greatest part 


‘ of the dam, and the stiffness of the arch rings against deflection in this way 
found to be by about 40 to 45% that i is, with the same 


¢ course, 
change in load will be less since ‘the 


defection also will be changed. 


- For arch dams in narrow canyons, the influence \ will be much less. ‘The 
tangential s stiffness is only of importance at wide dam ‘sites, in which case it 


z is a factor that cannot be neglected in any calculation of | stresses. The next 
question is how to take it into account (at least, approximately) in a way ay that | 


will not cause too much additional work. 
7 


Where o only the deflection of one cantilever at the center is compared with — 
the defiection of the arch rings, and the load on each arch ring is assumed to — 
_be uniformly d distributed, the use of the coefficient, A, ( Equation (158)), instead — 


| 


alt 
of A, at once gives the ‘solution. As far as actual arch dams with approx- a 
imately triangular cross- section large “central angles constructed in 


"U-shaped canyons are concerned, the w rriter has found that these very simpli- 


“fied : as ssumptions give the bending stresses in the highest cantilevers within a _ 
few per cent., and even give the ar ch stresses without very great errors. — The 


- distribution of load for that case , may be found in one to two days ins 
_ to two months by the complete trial-load method. iy a0 i a 
_ Where it is found necessary to take the deflection of "more than | the | central i ~ 


a into account in the computations, it may be convenient to use the 


following procedure: First, compute the approximate division of load by tak- — 
ing only the central cantilever into account as before, and by the arch-load 


diagram and the approximate division of the arch load in the two components, 
Dy a and Py! calculate the approximate values of the horizontal ar arch thrust: and 
tangential shear force for a number of points at different vertic al planes 


“of the dam. By these values for arch thrust and shear the direction of the true a 


thrust, can be found in the same way as the principal stresses in an ee 
cube. The slope of this direct ybey. TI Nite tae 


thrust unit height — vertical force per unit length of 
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approximately, the trajectories OI thrust are plotted and the dam is divide 
, into a number of arch rings limited by these trajectories as shown in Fig. 47. e a = 
57) Between these arch rings no shear of any importance can occur, and they may © aoe a 
; be used for analysis instead of the horizontal arch rings used by the authors. _ : 


a- 


T hese vert be computed directly the horizontal 


gine’ the resultant at any point must follow the trajectories. 7 The complica- 
tion in the numerical computations then is mainly reduced to the use of arch 


rings of variable thickness, both vertically and horizontally, instead of rings 
with only the horizontal thickness being variable. 1 The yielding of foun- 

2,” dation m may y be t taken into account in the : same manner as for the other arch 


The results of the analysis will be changed as follows: 


—The load taken by the arches is increased onl the load taken by the | 


is 
cantilevers ; reduced, which reduces. the bending stresses in the can-— 


9! eee —Part of the weight of the dam at the» center will be carried by the 
vertical components of the arch thrust, and transmitted to either 
side of the dam. This reduces the compression stresses. and i increases 
possible tensile stresses at the central cantilevers and vice versa 

—The actual arch rings are much stiffer at the abutments than. 4 
horizontal arch rings, since the thickness there is increased both 
‘were vertically and horizontally from the thickness at the crown, which — ; 


ss may give quite a different distribution of the arch stresses. hitediy.~ aah 


_ Some of the » dams referred to in ‘the paper are are made co oeniRinabiie ition 
_at the springing line than at the crown. It seems doubtful whether an extended 


a. analysis of these problems would justify this detail since the difference already 


is obtained with constant thickness in horizontal planes by using the = 


inclined arch rings. - ail, an 


y in recent 
proposed formulas ‘fix the purpose ‘of improving those current use. 


4x 
This. paper is another attempt in this direction in spite fact that the 
43a) 


theory of, arches has been fairly y we 


 # See “Valle Messrs. Savage and Houk, Proceedings, ‘Am. Soc. C. ar October. 
1928, Papers and Discussions, p. 2317. tie aw ‘Salt 
Received the Secretary, August 8, 1928, 
N § Pr oceedings, Am. Soc. C. E., January, 1928, Paper 
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in dams, is of considerable importance. _" also omit the | nfluence of : a 

- difference i in temperature b betw een the extrados and intrados of the arch. 


- ‘The writer wishes to present some more general expressions for the e stati- 
cally indeterminate quantities which include these influences. Furthermore, 


| it will be shown that a close relation exists between these general equations - 


A 


various well-known formulas. choosing a suitable o “origin 
_ co-ordinates | to which the fundamental equations are referred and by sl 
sive simplifications, these special formulas can be easily y derived. 


it is well known that a curved prismatic bar restrained at its supports 
is a statically indeterminate system in the third degree. For these unk 
quantities, therefore, three equations: of deformation are necessary. 
: are a number of methods of analysis available which provide these equations. 
‘The theorem of the derivatives of the internal work will be used herein 
because it leads. to . the solution of the problem m in | a most simple manner. a 
ob Generally, the theory. of structures - is based on on assumptions* in order to. bas 
make a practical treatment of the subject possible. _ With this object in view — 


Ys the w writer has ‘made | the usual assumptions that Hooke’s law and Bernoulli’ 3 
hypothesis that plane sections remain plane after bending, are valid and that 
the shearing stresses are distributed according to” a parabolic law. 


— the radius of curvature of a curved bar is not less than about five > times — 
thicknesst+ the general equation of the internal work call: possible 


fs 


6X 


ds 


wh hich i is t the theorem of least work, — 

a By sy using these ; equations, any pr ‘ismatic bar can be analyzed in the shortest _ 
and most elegant 1 manner. 2 On this fact is based the superiority of the theorem 
internal work as compared with the cumbersome and lengthy n of 


deformations preferred by the authors. 


oe “Calcul des ares élastiques,’’ par S. Timoshenko, Paris, 1922, pp. 4 ne 
“Applied Elasticity,” by S. Timoshenko and J Lessels, East Pittsburgh, 
_ p. 221; or “Die neueren Methoden der Festigkeitslehre und der Statik der Baukonstruktionen,” 
+ “Kinetic Theory of Engineering Structures,” by Dz AL . Am. 
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9 he “integrals i in | Equations (159), (160), , and (161) are those due to bend- 
_ ing moments, normal forces, shearing forces, unequal temperature variation 
ithin the section of the bar, and uniform temperature change ‘throughout: in| 


In these equations, = E = 2 « and for rectangular 

il 


ese values, the ‘integral of th forces in _Equa- 


ne oncrete tests show$ that m va m varies s betw een 6.5 and 8.0. T aking an aver age 
of 7.25, then » y = 2. 74 and not. 0 or. 2.88 as is assumed by various 


vestrained arch which either unsymmetr ically formed or unsym-— 


metrically loaded is s statically indeterminate in the third degree. | ‘Taking 

the quantities, the | bending moment, normal force, 

for any point on the arch axis will be (see Fig. 56): 


any point as the origin of the co- “ordinates and introducing X, Y » and pas 


Bee M 


Ny: and Q,, in (162) to (164) are ina moment, 
tues e, and shearing force, respectively, of the statically determinate system 
which is sometimes called the ‘principal o or base system. 


ow ritten out three times as follows: 


* “Strength of Materials,” by F Swain , Past- Am. Soc. C. E., 
+ “Théorie de l’équilibre élastiques ses applications,” Turin, 1879 
English translation by E. S. Andrews, Lond., 1919, p. 226. ai 
“Researches in Concrete,” by W. K. Am. Soc. ©. Bulletin No. 24 
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t 


In (168) (169), (170), it is. that the uniform 
‘temperature v aviation in the arch is acting in the same direction with the 


: 
This is the case when a in temperature takes in the 


(170), the following expressions ar are yok 

a 


y 


A 


—— ds+ty —— 


ds| 

ju 


+E ” (172) 
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Equations” (171), (472), (173) are the expressions for 


the for these would appear in on. 
(172), and (173), which can be solved 1 only if the magnitudes of the displace- 


_ ments or the rotations are measured or or are known in advance in some way. — 


For this reason these formulas are omitted because, in practice, the abut- 
“ments of arch dams are generally assumed to be perfectly rigid. 
cat order to integrate Equations (171), (172), a and (173), the axis of the 
“must be shaped according to a mathematical curve and the thickness 

7 the arch must vary according to some known law. Otherwise, the desired 

result must be obtained by summation as is done by the authors. alt bee 


Neglecting the influence of the shearing forces and of the unequal: 


Equations am), ), and | (7s), become: 


are’ J A 


"which are the authors’ Equations: (29), (28), and (2D, a dif. 


In these expressions ; the integration must be extended over + the entire a 
Gating 1 bearing i in mind that in Equations (162) and (163) the te 3 

g Y “must be negative for the right half of. the arch, the integrals in 

ation (175) are. obtained by subtracting the integrals of the right half 

.. = those of the left half. On the other hand, 2? and sin? ¢ being positive, 


e corresponding integrals be added and not subtracted. In the sa: same 
the integrals of Y in Equations (174) and be ubtracte 


Considering, fithennor , that the integrals, 8 sin ds, 


are projections ofthe arch the x y-axes, respectively, it follows 


_theref 
axes 
this f 
variat 


tions 
for th 
e 

is base 


Th 


y 


are sil 


ninth, 
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| 
Paper: 

ii 
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therefrom that they define the distances between the projections on the ; a and 


y-axes of the points, . A and | of the arch at its abutments, respectively. With 

‘this fact in view the term denoting the influence of the ‘uniform » temperature _ 
variation in the : author’ Equation (29) seems to be incorrect. 
i In a symmetrical arch, but with an unsymmetrical loading, the integrals: 


corresponding» to the left a and right- hand parts of the | arch are equal, so an 


ae this « case, therefore, the effect will be to make the se of Yi in Equa- 
tions (174) a nd (176) and the integrals of X¥ and p» p in Equation (175) equal 
to zero. At the same time the last integral in Equation (175) vanishes also” 
for the reason that the deformation of the arch due e to a uniform temper- 

ature variation being symmetrical no Y- -force can be produced. ‘This: 


is based « on the ‘supposition that the arch is cut in two at the crow n. a oe 


This choice of the principal system facilitates the ‘computations appre- 
ciably because, by taking the ‘origin: of the co- -ordinates at the left abutment, 
for instance, and cutting the arch at this point, Equations (174), (175), and = 
(176) must be used even in a symmetrical arch under - unsymmetrical loading. a, 
It i is. needless to say that in this case the integrals in these equations | are the 
sums and not the differences of the two halves of the arch. Paes fe. Eon 


In bridges the thickness of the arch is small as ‘compared with the radius — ' 


and, consequently, , the work done by the shearing forces is always neglected. 


The deformation due to the normal-forces is also neglected _ if the arch is not | 


| too flat. In Equations (168), (169), (170), therefore, the integrals” due 


to the bending moments alone are taken into consideration and the oma ; 
Equations (171), (172), and (173), ‘neglecting the influence of. temperature, 
are simplified as follows: e! In Equation (171), the second, third, fifth, eighth, oe 
ninth, tenth, and eleventh integrals v vanish ; in Equation (172), the second, ee 
fourth, fifth, eighth, ninth, tenth, and eleventh | ‘integrals’ are equal 
and in Equation (178), , the last integral disappears. 


at Miller-Breslau was first to be the integrals, 


ds, representing the static moments and 


Bre Zeitschrift des der Theorie der statisch _unbestimmten H. von Miiller 
res 


's, the e centrifugal m moment of the 
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- ty symmetrical arch ring, vanish if they are referred to the clastic center of gravity 
ct oft the ring. 7 The elastic center, on the other hand, is determined by « considering 


in tions. the case of a symmetrical arch the y-axis 


is satisfied. However, 


if the arch i is unsymmetric |, the centrifugal moment, va s, vanishes any 


ing an axis of symmetry the 
= 


h re 
| (see Fie. 81): 


of this arrangement is that all the more 
- formulas are reduced d to three single equations with one unknown each . They 
_ are obtained as follows: In Equation (171) all integrals « except the ‘first | and 

seventh a are equal to zero; Equation (172) all integrals vanish with the 
cag exception | of the third and se seventh ; and, lastly, i in Equation (173) “all integr als, . 

except. the third and fourth, a are equal to zero. allt 

i _ In arch dams, in which the work done by the normal forees: usually pre- ; 


there a are no methods available to > reduce Equations (71), 


variat 


‘einai: rise can | be ‘aswained in Reusticn (163) that 
X cos « ¢ = X and Y sin « ¢= = 0, if a special analysis is made for the dead load 
of the arch. ¢ With the aid of these assumptions it is possible to reduce Equa- 
tions (71), (172), and (173), to three equations with one unknown each by 
referring: the origin of the | co-ordinates to the elastic center of the arch. . In 
dams, how ever, these simplifications are not permissible. 
Ak Usually, , arch dams are sy ymmetrical and, a: as ‘such, | are tai - stressed by 
- symmetrical water load. 7 _ Therefore, 1 the calculations are ‘simplified consider- 


AG ably. , Since Y is equal to. zero, Equation ion (172) v: anishes and the remaining 


me (171) and (173) ‘become: 


A \ 
‘Gewoelbte Bruecken,”’ von E. Moersch, Beton-Kalender, Berlin, 1915, p. 3038. | 


“Arch Dams with Rings of Variable Thickness”, by F. W. Hanna and T. L. E. Haig. | 
Members, Am. Soc. C. E., estern Construction News, May 25, 1928. 


“Gewoelbte Bruecken,” von E. Moersch, Beton- Kalender, Berlin, 1915, pp. 295 and 302. 
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> are ‘are the fundamental il equations derived by Professor Cain ‘arranged 4 
more gener ral form. * They are to the origin of the co- -ordinates- 


_ Assuming the elastic center of ie arch as the origin of the co-ordinates, 


s = 0, as stated prev riously, and E quations (17 77) and (178) become: 


4 COs ds=0 (179) 


4 
in which the unknowns, X and ps are expressions, in 


less complete developed by Dr. N. ‘Kelen for arches of constant 


hen it is As required t to determine the an unequal temperature 
variation on an h, Equation” (179) v 


in t is the ence, 


| temperatures. This difference ‘sign p since compression is 


can introduce a further simplification by designing the arch that 


‘the line of resistance in the coincides with the arch 
axis. In this case dsandf — 


are the difference | the mo in scctios ns. the 


_*“The Circular Arch Unter: Normal Loads,” by William Cain, M. Am. Soc. C, E. a 
Transactions, Am. Soc. C. E., Vol. LXXXV (1922), (7) amd: 


delle dighe per laghi artificiali,” C. Guidi, Turin, 1921, p. 49. 
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arch which presumably a are to (179) a and (180), there 


fore, take the extremely ‘simple | form: int ai Hera X.Y 
a 
and 
tion (183)) s found little among designers it was 
made nown | severa years a got _ 
mom 
migh 
3 
dead 
first 
in n 
\ 
varia 
the ] 
tions 
also 
strict 
I 
_ In order to” apply correctly the equations already derived to the various tk 
principal systems it must be remembered that the positive directions of N, Q, 
and M to the left and to the right of a given section, a- “a are as shown in the ¢ 
oe 58(a). ik It is aie: assumed that a positive bending moment, M, produces and 
“Berechnung Kreisfoermiger Gewoelbe gegen Waseerdruck von E. Moerseh, 
ss + “The Relation Between Deflections and Stresses in map Dams,” by F. A Trang 


Am. Soc. C. E., Transactions, Am. Soc. C. E., Vol. LXXXV (1922), 


yur, 


— 
— 
4 
4 
4 


‘With these” definitions the statically indeterminate quantities, 


Y, and » in Fig. 58(f), to the 


| 
both cases, Fig. 58(c) and | (a), ‘the moment d due to X is, 
below the a- axis, positive, and, for sections above this axis, negative. 


‘The bending moment, M, » of the curved cantilever, Fig. 58(c), (d), (e a 
and (f), is negative because it it produces tension in the extrados of the arch. s 


On the other hand, the principal system, Fig. is of bending 


es force, X, acting in the elastic center of the arch is <—v called a 
a pool,* which is misleading the point of view of precise thinking. 
This force i is a compression, except in the case of a rise in temperature in the - 
arch, and its relative direction depends only on the choice - the principal 


As regards the most suitable system for a given case the following 


mient be of interest, 
There are many of ‘obtaining this principal system, depending 


entirely on. the ‘ease of making the computations. In a symmetrical arch, 


the principal system represented in Fig. 58(b) is convenient for uniformly 

distributed water load and also uniform change of temperature or shrinkage, 

while either of the principal systems Fig. 58(c) and (ad) are preferable for the 

dead load of the arch or for a variable water pr essure. a In other words, the 

first case is applicable to the arch dams: while the second case is to be used 

in multiple- arch dams. The unequal temperature variation between the — 


extrados and intrados of the arch belongs to either of the cases shown in Fig. = 


the arch is id of s and the ws 
is ‘uniform, the line of ‘resistance in the ‘principal system coincides with: 7 
geometrical axis. this case Equation (183) strictly correct. $ For a 
‘variable water pressure 2 and for the dead load. of an arbitrarily formed a 

the line of resistance does not coincide with its axis and, consequently, Equa- 
tions (179) and (180) must be used. However, ‘Equation | (183) can be applied (C3 


also. with a sufficient degree « of accuracy if the condition that M, = 0 is not 


As In an ‘unsymmetrical arch ‘under Ww vater pressure ‘there are no advantages 


in choosing the elastic center of the arch as ‘the “origin of the co- ordinates. 
For this reason it can be assumed that this o origin is either at the crown or a 


4 

at the left abutment. In the first: case principal system consists of 

N,@ cantilevers, Fig. _ 58(e), while in the second case one cantilever stretches over aot 4 
wn the entire span of the arch, Fig. 58(f). both cases Equations (174), (175), 


* “The Design and Construction of Dams," by E. Wegmann, M. Am. Soc. E., N. Y., 

“Improved Type of Multiple- Arch Dam,’ by A. Noetzli, Am. Soc. 


tzli, M. Transactions, Am. Soc. C. E., Vol. LXXXVII 


- 361. 
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PAPERS AND. ) DISCUSSIONS 


‘i Tels Society is not responsible for any statement made or opinion expressed ge 


‘THE COMPRI LESSIBILITY OF SAND-MICA MIXTURES 


— 


the study of foundation problems by of the. 
physics and mechanics of soils is the only method which may be expect ted 2 


yield results of present utility and of ultimate value to. the Engineering 


‘They writer accepts the word, “foundations”, in its broad sense ‘as meaning . 


hot only building foundations, but a also highway foundations and sand- clay 


“roads, which are foundations for supporting vehicles. 
Under the caption, “Methods of Investigations” n modifications are 


“suggested. Th ere is no analogy between soil and other engineering ‘materials: _ 


‘Steel, wo ood, ete., are more or less homogeneous masses of atoms and molecules, i 
and soil is a system of solids, each member of ‘which ° can have’ a movement 


of its own. ‘Therefore, if in ‘the investigations of steel, wood, ete.,  statical 


methods predominate, in elay investigations dynamical ‘processes must 


be ignored. The author recognizes this implicitly by indicating that the 

apparatus developed by | ‘Professor ‘Terzaghi furnishes data | as to the voids in ai 
clays | referred to both pressure and time. The three co-ordinates, x, y, and z, a “= 
thus became insufficient for characterizing the clay deformations ; and the 


fourth co- -ordinate, t, was ‘introduced, which is just the attribute of dynamics. a 


Furthermore, in any other engineering material there is no such intimacy | 
between the material and the water as there is in clay. W ater which fills 


of the paper by Glennon Gilboy, Jun. Am. E., continued 
+ Prof. of Highway Eng., Moscow Superior Technical School, and Moseow Inst. sal ee 


February, 1928, ‘Papers and I sc 

Loe. cit., p. 563. : be. 
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‘clay voids, completely or represents a great of the 


water is even retained in the voids, so that the system is. 
composed of “soil water”. The writer believes, that also includes ‘ ‘en- 
trapped” or’ “pinched” air “Which, being held between clay shales, 


with ‘the atmosphere and “cause ‘modifice ations of ‘the 


_ The structure of clay (or, mica) shales is not known exactly. Tf it 
“only admitted that these shales are ‘not the last step in the disintegration 


@ rock, then ic may be ‘ales admitted that shale consists of other thin plates | 


— stuck together, with thin air. cushions between them. m. The writer is not at 


is all sure that. ; these ideas are right, but unless the contrary is demonstrated, 
they” cannot be considered as fantastic. If ‘there really entrapped air 
between ie le Tike and in the interior of the shales, it furnishes an 
explanation of elastic properties of the clay (and “miea), which sands do 
possess. Last, but not least, in -puilding foundations (and in great 
highway foundations), soil is not all; It is 
body which | the engineer can modify only slightly, 
___ Engineers who study technical properties es of soils are ee iia obliged to. study 
their physical properties. Until engineering soil science (physics and 
a ~ mechanics of soils) reaches the present status of metallography in the field 


of research, the questions “how much” and “wh hy” must be answered simul- x 


The ‘completely agrees with the statementt that any system of soil 
analysis, which fails to determine the percentage of flat grains can yield 1 no 
, the soil scientist’s fastidious 


of mechanical analysis. seem ‘to be useless to a practical civil engineer, 
.e method of representing flat shales of clay a “macroscopic scale 
very interesting. Its danger consists, however, in the difference the 


‘token of water | and air in great. and little ‘pores, the physical phenomena ah 
microscopic pores being quite ‘different from those in. macroscopic 


agenc 
The writer believes, therefore, that the method discussed may be to 


“has, not yet been Iti is s probable, the ela 
by the author may be generalized but, strictly. "speaking, the 
ments seem to have failed in attaining their object... Th 


tod 
particles. being completely different. from grains as. to 
and properties, the writer suggests that the. -word , “grains” , referring 
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SILTING OF THE LAKE AT AUSTIN, TE AS 


th 


‘06 R. F. Warner, JENNER Pow: ELL, L 
F. W M. Am. Soc. C. E. letter). author has furnished 
the Engineering Profession some interesting ‘and valuable data on the silting ] 
of a comparatively small reservoir. _ The original storage capacity of Lake 
Austin, (49 300 acre-ft.), never represented a very appreciable proportion of 

the total annual flow | of the Colorado River at Austin, Tex. In fact, it. was i 


M only 1.4% of the average annual flow of 3500000 acre- -ft. determined the 


oda, Geological Survey for the period from 1 1898 to 1922.§ With so small 


aratio of original storage capacity to total annual run-off a silt- 
stream like the Colorado River of Texas it is surprising that the original 


‘capacity was not even more rapidly by silt a accumulation. However, 
such a reservoir could hardly be expected to “operate efficiently | as a desilting 


me | agency and undoubtedly large quantities of | silt have been carried over the 
“dam during flood periods. It is hoped that Dean Taylor can supply some 


, information regarding this phase of the problem; also, regarding the maximum 
tates of flood flow and the at which the flo ods. through the 


The problem of storage by silt accumulation is one that 
often considered by the Bureau of Reclamation, especially in 
connection with the inv estigation | of irrigation projects located in the -south-— a8 
western parts of, ‘the United States where the climatic, topographic, and 


geo are conducive | to rapid rates of soil erosion and corre- 


_ * Discussion of the paper T. U. Taylor, M. Am. Soc. c. E., continued from October, 
+ Chf. Engr., U. s. ‘Bureau of Reclamation, Denver, Colo. 
Received by the Secretary, August 14,1928. be fir 
Bas § “Surface Water Supply of the United States, 1922, Pt. VIII, Western Gulf of Mexico- 
asins,’ ‘8. Survey, Water Supply Paper 548, 1925. 
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‘ALTER ON SILTIN 


ations on the Colorado River its above Ariz, 0 


a silt ace in reser 
been made at “the Roosevelt, E Elephant Butte, and McMillan, Reser: 
on the Salt River, Rio Gra , respectively, 


poll 
‘This discussion will present the results of the ‘measurements pine the Elephant | 


Butte and MeMillan Reservoirs. The operation and the Salt 
River Project was assumed by the § Salt River V Talley Water Users’ Association 


in November, 1917, and subsequent silt surveys of the Roosevelt Reservoir 


alt McMillan oir.— —Lake MeMillan is located i in the Pecos River Valley 


of Southeastern New Mexico, about fifteen miles from the Town of Carlsbad. 


_ The I Pecos River rises in the north- central ‘part of New Mexico, on the east, 


of the Truchas Range of the Sangre De Cristo Mountains. For some 


~ distance it is a typical mountain stream, Tondo’ with a swift current through ; 


rocky canyons and earrying only such materials as may be eroded and brought 


in by ‘mountain torrents. a These materials settle out rapidly and are seldom 
transperted appreciable distances after they reach the main channel. How- 
ever, farther: down | stream, where the course of the river is through pre 
soil, more “material is” eroded. Below Roswell, tributary strea ams, draining 
large areas of arid, mountainous country lying west of the Pecos, bring in 
heavy loads of silt, 80 that by the time MeMillan Reservoir is reached, the 
flow i is heavily, mean annual flow of the river at Lake McMillan 
varying a 
130 000 ft. 


The construction. of the: original McMillan I Dien’ structure, 
1 long 52 ft. an auxiliary earth embankment, 5 200 ft. 


the of: 1893- 1906, the destruction of the sy we 
floods, re reconstruction of the project was undertaken by the U. S, Reclamation 
: Service an d ime that time it has been successfully operated by the Federal 


Government. A ‘During the period | from 1894 to 1903 the reservoir was operated | 
a spillway crest elevation of 3 258.9 ft., corresponding to’ a stage of 17. 
‘ft. on the ‘reservoir gauge. In 1908 and id 1909 the outlet ‘works were recon 


and the embankments s repaired sc so that the lake level could be raised 
toa stage | of 23.5 ft. Further enlargements | were made in 1911 and 1912, 
and again 1915. The present spillway crest is at Elevation 3 268.6, 
to reservoir stage of 27.0 ft. Reliable topographic data of the 
original reservoir site. were» never obtained. However, information as. 
be found indicates that the total storage capacity | below spillway level 

the time of construction, , was about 32500 acre-tft. or about: 10% of the 
average annual run-off at the reservoir site. itis Yo 

il _ Measurements of silt accumulated in the reservoir were made by the U. Sg | 
_ Geological Survey in 1904, by y the U. S. Reclamation Service in 1910 and 
and the ‘Bureau of ‘the Reclamation 


Service) in rese rvoit 
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“WALTER ON SILTING OF LAKE AU AS 
was practically empty, , depths of silting were determined by auger borings, a 


and the borings were located by plane-table.* Although some uncertainties 
determining the elevation of the } surface must have been 


encountered at times, the descriptions of the survey indicate that the work : 
was carefully done and that the final results probably possess a reasonable — 


“degree of accuracy. - Lat er measurements of silt. accumulations w ere made by 


taking cross- e-sections of the reservoir at intervals throughout the" lengths of Ps 

‘silted areas, using customary surveying 1 methods. : 

_ Table | 8 contains a summ ary of the data on silt deposited i in La ke McMillan 7 


as determined by the various surveys, total accumulations in acre- feet below 


certain” stages being given for ‘the periods covered by the ‘investigations. 


Table 9 gives the average rates of ‘silt: acre-feet per 


TABLE 8. —Sumaary OF Data on SILT AccuMULATIONS | IN ‘Lake AN, 


Canuspab Project, New Mexico. _ 


SILT ACCUMULATIONS, IN 


ty Duration, Fret, BELOW RESERVOIR STAGES OF: 4 


18 000 


January 
June 10000 | ..... 
November 1, 13 400 

June 1, 500 

January 1, 7 41 400 
January 1, 1894 


TABLE 9.—Ratus or Sint Acc UMULATION In LAKE MoMittan, CARLSBAD 
0 TAGES OF: - 
n as. January |\June 1, 1925.. J § 
anuary 1, 1894, to November 1, 1910 

‘The data in Table 8 show that 41400 acre-ft. of silt were deposited i in 
J. the reservoir, below the 25- -ft. stage, during the period from January 1894, 
and to June 1, 1915, a total approximately one- -eighth greater than the entire 
ition & capacity ‘of the "reservoir below the ‘17.3-ft. stage. However. the 


Annual Report, U. S. Reclamation Service, 1903-04, 371 
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OF I LAKE AT AUSTIN, TEXAS (Papers. 
_ most interesting feature shown by | Tables 8 3 and 9 is the great reduction i inv 
4 silting which occurred i in the reservoir proper during the period from June 1, 
1915, to June (1925. ‘During this 10-year period | only 3 500 acre- ft. of silt. 


_ were deposited in the reservoir below the 25. 0- -ft. stage, giving an average rate 
silt deposition of 350 -acre- -ft. per year compared an average 

_ rate of 1 930 acre- tt. per year for the period from January 1 1894, to June a 
The ‘reason for this ‘marked reduction, in rate of silting is. that since 
about 1918 dense and extensive growths of tamarisk (also called salt cedar), 


have developed at the upper end of the lake. These grow ths have. caused 
a 


* reading of ‘the river flow above the reservoir, ‘resulting i in velocity redue- : 


; 4 _ tions and silt deposition, and thus keeping the larger proportions of silt from 


The tamarisk is an evergreen shrub, or tree, originally a native of the” 


‘uieidateiie regions, Western Asia, and India. Its somew hat showy pink and’ 
white flowers present an attractive appearan nce during the blooming period 


and, consequently, it was hrought, into this country for use as an ornamental — 


shade tree. Tamarisk trees were propagated i in the Pecos River ‘Valley ‘many 


years they appeared at Lake ~MeMillan. clump rather large 


trees was growing along: the river east of Roswell, about sixty ‘miles above 


Lake McMillan, some time } prior to 1912 , when the first tree ‘was - noticed 2 at 
upper end of the reservoir. The origin the Lake McMillan growth is. 


7 “not known, but possibly - the seed was brought down the river during flood 
periods, or was brought in in by birds. E. Foster, ‘Superintendent of the 


Carlsbad Project, describes the conditions at the upper end of the reservoir, 

under: date of July 20, 1928, as follows: 
“At the present time, the entire upper end of ‘the reservoir is covered 


with a dense growth of tamarisk except for a few narrow channels. | — This 

i comprises an area of about ten square miles within the flow line of the reser 

_ voir. Besides this area the tamarisk growth extends for about two miles up 

5 stream, above the reservoir flow line. This area averages about a mile wide 

in flood time. This flood plane is covered with the same dense growth of 

tamarisk» as characterizes the ‘reservoir area. The nature of ‘the growth 
changes somewhat from year to year. Where water stands around the plants 

a for more than a week, they usually die. _ Reforestation begins immediately 
= after the water drains away. At the upper end of the old lake, the growth is 


the growth varies. considerably i in,size. In many places the growth is so dense 
fs as to be almost impenetrable. _ It ranges in height from about twenty feet 
_ down to. one foot.or less. The ‘diameter of the growth ranges from the size of 
a pencil to six or eight inches. Just how much effect this comparatively fine, 
dense growth, together with the down brush, has on the velocities is not 
e ertain; but it is certain, however, that the heavier silt deposits | are at the ‘ 
upper end of the area where “such: rowth i is most d dens 


Figs. 17 and 18 ‘are typical views the tamarisk growth ‘taken nea 


the upper of the on 16, 19 28. he larger those 


Bes 4 - quite uniform in age and size but as open water in the lake is appro oached, 


he ig said t to have 


beet. since 1915. Perhaps greater depths have been 
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Fic. 18.—TaMaRIsK TREES 25 FEET HIGH ALONG THE PECOs RIVER AT THE © 
END OF LAKE MCMILLAN 
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TER ON SILTING OF LAKE AT AUSTIN, ‘TEXAS 


deposited in other places. On account of ‘the impenetrable nature of the 
4 growth, the 1 1925 survey was not extended any appreciable distance | into the _ 
photographs plainly show that the tamarisk areas at Lake MeMilla 
provide an effective screen for reservoir inflow. It now appears that | i 


problems: at McMillan Reserv ‘oir, which were at one time of a serious nature, — 
been materially lessened by the accidental propagation of this foreign 
evergreen ‘shrub. Possibly the shrub can be planted at the upper limits of 

other reservoirs, located in regions of similar climatic conditions, and there - 
“utilized to secure similar results. During the su summer of the Middle 
Rio Grande Conservancy District « of New Mexico planted some of the Lake 
- McMillan tamarisk in the Rio Puerco Valley above Socorro, in an attempt to 


the silt problem of the Rio Grande Valley. Some of the 


>» 


tained no o seed. oF Possibly ‘the and soil the Rio Puerco 
soa not favorable to seed | production. ah Tamarisk trees, 20 to 30 ft. .f, 
high, are ‘growing in in Albuquerque, N: Mex., but have never been | known to. 
Dp produce seed. 4 However, ‘reproduction by seed takes place farther down the 

Rio Grande, in the vicinity of El Paso, T ex. Seedlings do not vee seed 


: 
Elephant Butte ‘Reserv -oir.—The Elephant Butte Reserve oir, 
stitutes - the storage unit for the Rio | Grande Project of New Mexico and 
_ Texas, is located in the Rio Grande Valley of Southern New Mexico. The 
ise on the: eastern slope of the S San Juan Mountains of Southern 
Colorado, at an elevation approximately 12000 ft. above mean sea level; 
flows east and south | to the New Mexico State line; then due south 
‘across New Mexico to El Paso. At the Colorado- New Mexico State line the — 


does not contain large proportions of sediment. However, through the 
State of New Mexico, tributary streams, draining large areas of arid, easily 


eroded sol, bring i in heavy loads of material, so ‘that by the time the Elephant 


Butte is reached the flow is heavily charged with silt. The mean 

annual flow of the river at the upper e end of the reservoir is. approximately ; 

1 200 000 acre- -ft., the yearly records va wing from a minimum of 240 - 0 to a 


The construction of | the Elephant Butte Dam, a concrete gravity struc- 
“ture, 306 ft. high, located about 130 miles , above El Paso, was completed by 
“the U.S. Reclamation Service in 1915. Although was impounded 
in January, 1915, substantial storage did ‘not begin until January , 1916. The 


reservoir above the dam is 45 miles long, has an. average of 13 miles, 
and floods total area of approximately, ‘40 000 acres when to the spill- 


crest, Elevation 4407.0 the project datum which i is 3 ft. 


‘mean sea level. ‘At the time of f completing the dam the ‘reservoir had a total 


capacity of 2 638 860 acre-ft. below the spillway assuming that 


of tlie’ mean run- -of 
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WALTER ON SILTING OF LAKE ar AUSTIN, apers. 


“mine, 10- ft. ‘contours, was. “made ‘below “Elevetion 4370 in 1903, 


extended include the present flow line in 1908. «Silt s surveys ys of upper of th 
a portion of the reservoir, where practically all the silt i is deposited, were made § 104 “ 
in 1916, 1920, and 1925, measurements being made by running profiles along J ;, 
established cross-sections “spaced from to mile mont: 1: Difficulties were 
encountered at times in determinir 
= due to the comparatively great depths of. water, ‘the character of the deposits, 
and the. presence of brush, or débris on the bed of the reservoir. How- 
of ¢ e and the results . 
e probably sufficiently accurate fox, the purposes An exhaustive 
wes of the chemical and physical properties of the silt was made i in 1916. 7 
The results. of the 1920 survey, as ‘as compared with the results of the 1916 
rvey, showed. that. 90858 acre-ft. of silt deposited in the reservoir 
uring the intervening period of 48.7 months, to an ¢ 1 average rate 
deposition ‘of 1865 acre-ft. per per ‘mon nth, o 22 400 acre-ft. per year. Com- 
arison of the results: of the 1920 survey with the original reservoir topog 
raphy, taken i in n 1903 1908, indicated a total silt 140 000 
-acre-ft. up to the time of the 1920 survey, practically | all of which must have 
taken ‘place after the reservoir began storing water. _ Assuming that storage 
<1 began in in January, 1915, the: corresponding 1 rate of ‘silting: - would be 2060 
 aere-ft. ‘month, or 24 acre- per. year. . However, , the Project Man- 
_ ager considered the values based on the original topography to be less accurate 
those based on the 1916 survey. total silt accumulation indicated 
ile the 1916 and 1920 at amounted to 1. 66% of the total inflow to the ae 


pa 


TABLE 10. Deposition AT Butte REsErvon. 
1925 CoNDITIONS. 1916 To 1925. 
q 


Elevation Rates of Silting in: 
in feet") capacity.| otal silt |Remainingres-| Totalsiltde | 
deposited, in | ervoir | posited, in 
acre-feet. acre-feet. Acre-feet per|Acre-feet per 


688 860 231785 | 24071% | 17740 
865 058 205 287 62189771 172 711 || 19 928 
009 218 221 1796163 | 162 980 18 800 
1693971 | «(1492674 152870 17 639 
1406600 | 179015 1 227 585 128985 | 14883 las 
1168188 148812 | 1014 87% | 95 746 | not 
776741 «| 118.519 | 101 | had 
* Above project datum, add 43. 3 ft. for ‘Sea- -level elevations. 
To m 
able 10 gives data on reservoir capacities and silt accumulations below 


‘elevations varying from 4325 to 4407 ft., as determined by the 1925 survey. i —— 


19 shows the effect of silting on | the the ‘reservoir. 
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of the 1925 survey indicate a a total silt 231 135 
-acre-ft. from the time the original reservoir topography » was taken to the time . 


“104 anonths the time of the 1916 survey. ‘The latter figure corresponds _ 


an average deposit of 1709 acre-ft. and an average deposit: 


‘ 


YEW 


eserves Capacity trom Original 
Reservou Capacity in August 1925 


oject Datum 


(Add 43.3 feet for Sea Level Datum 


Elevations above Pr 


é 


O¢ O6 o8 10 b2 14 16 U8 20 
Capacity of. Reservoirin Millions of Acre Feet an 


1G. —EFFECT OF SILT DEPOSITION ON CAPACITY OF ELEPHANT 


the 1920 “survey. "Thus the investigations show or nearly» 
three- fourths, of the silt that enters the reservoir is deposited within an area 
containing ‘not quite one-fourth of the total reservoir ‘capacity. The total 
accumulation of 231 735. acre- -ft. shown by the (1925 survey is only about 

8.78% of the original storage capacity below the spillway crest, indicating an 


“average yearly rate of silting of slightly less than 1% of the. original pore 


ied: i Assuming such a silting rate to keep up indefinitely (which would | “et 


bea severe re assumption), the total life of the reservoir would be ‘114 years. “s 
Since 13 years” already passed, the remaining life 5 would be 101 years. 


JENNER PoweLi,* M. Am. Soc. C. E E. (by letter). The writer 
ee known i ina general wa; way that Lake Austin was silting rapidly, but he was 
not prepared for the staggering informationt that 95% of the water capacity | 
had been taken up by silt in thirteen “years” of service. >. The water-shed of 
ae 


the Colorado River for about 38 000 sq. ‘miles car over what i is ‘generally — 
known as a grassy or wooded area including, its topographical featur es, 


res, 


flat prairie country” and rugged mountainous sections. 


_ Recently the writer made a survey of the silting of the White Rock Reser- 
voir, which is about four miles. weet of the City Hall of Dallas, Tex. The 


Received by the Searstary, 16, 1928. 
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drainage area is a wide limestone valley 114 sq. miles 
was begun in 1910 and was ready for service in 1912. Practically the lowest 


point. in the lake was 404 ft. above fe mean low tide. Careful ‘surveys were and 
_ made of the original volume. of water and its’ capacity was only ‘estimated. 


Soe The dam is of earth and a concrete spillway with | a long wide : apron was con- 


-__strueted_ at the east end at elevation 138.5 , City of Dallas datum, or Eleva- 


tion 457. 45 above mean low tide. our geri nach 


Silt Surveys. 1923, the City Engineer made a very elaborate survey 
of the White Rock Reservoir, establishing bench-marks, triangulation stations, 
“4 and many cross-sections. Th he capacity of the lake i in 1923 was estimated up 


to Contour 140.5 5 ; and was found to be 19 525 5 acre- ft. eS the foaaiwer erest 


(local elevation of 138.5 ft. 5 ft.), the capacity was 16 896 acre-f 
- “Fig. 20 (a) shows a map ‘map of the lake, while Fig. 20 (b) c= 
at Section 2- and Fig. 20 (c) shows that: the dry land is down the 


dake. ‘notation, “136 N”, indicates s the new ocation of of Contour 136. 


a general proposition | the : silting near the dam has ‘been almost, nil. 
lake originally extended north of the highway the ‘upper end. his 


part was hallow, the growth of weeds and willows, which soon 


converted into as ‘swamp. The flood water ‘spreads through these marshes 


before: reaching the main | body of the lake, and the result is that the current 


a is retarded and a large part of the silt is deposited at the head of the lake. 


Immediately below the highway the water was very y shallow and reached the | 


‘main body of the lake under two small bridges. 
Bilt Survey, -1928.—The writer 1 made a ‘silt survey of White Rock Reser- 
voir in July, 1928, with soundings at Sections 4-2, 1-2, $- 4, 5- 6, 7-8, 9-10, i 12, 
alla 12-13 (Fig. 20 (a)). _ These soundings were attend those taken 


in Messrs. McCombs and Ernest of Office of 


of the The of in Section 3- 4. was 


be 5.6 ft. below Contour 140.5, or 3.6 below Contour 10 


At Section 3- 4, ‘the following results were 


ie was 0.1 ft. below the crest of t the spillway, but nearly all the section was ¢ dry 
land or or bogey marsh. | It became necessary ‘to take soundings along Section 


and at that section | the following results: were found: on 
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Area 1923 
Area 1928 
ALLAS, TEXAS. 
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16 896 
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to 138,5 = 1300 Acres 
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. Silt area = 1097 
summary of these observations may be listed as follows - 


of silt shove the bridge. = 30 ft. 


Amount of silt above Section 2- fe. = 250 acre- ft. 
‘Amount of silt above acre-ft. _ 


Area bounded by Sections 4-2, 2- 1, 1-3, 


= 14 ft 


‘Total amount of silt "100 2.4.. 


Silt betw ween Sections 3- -4 and 5-6... = =| acr 


Total amount of of silt, in percentage. . { . = 84 47 
The White Rock water- shed is mostly black land, countey: 


j 


4 rolling. The silt carried by the stream in flood is ‘coarse and | heavy es 

deposits quickly on. retardation. This fact and the excellent retarding 

a formed by the growth : at the head of the lake have practically prevented silting 


in the main body of the lake, and by making land in the shallows at the u upper 


end rather than distributing the silt over the lake bottom , the sil silting has s been | 


_ ‘more gain than. loss, since it has made usable for park purposes a large e area 


> that: was formerly marshy and valueless. — This is of interest in view of the 


fact that the lake i is shortly to be abandoned as a source of water ‘supply and 

the entire is to obe devoted to park and reer sreational purposes. 


aper is of more 


sites. Reservoir silting at Tex, Zuni, “Blephant Butte, and 


cientific of erosion means of control. emphasis is the 


fc lowing storage capacity losses: from silt deposition should prove convincing. 
re In December, 1925, with but eleven years of operating history, the capacity. 
. table of the Elephant Butte Reservoir on the Rio Grande was corrected - for 
a a loss of 220 000 acre-ft., due to silt deposition. _ At this rate the capacity | will 
reduced to 1418 000 acre- ft., by 1975, or the 
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2 638 000 acre- he area of die’ Elephant Butte Rese 


the Roosevelt Reservoir,* which had an original capacity 13 
_acre-ft. » a silt deposition « of 101 000 acre e-ft. is reported during a a 20-year cae 


ending i in 1925. ‘The d drainage area of the “reservoir is 5 760 sq. miles, 
PB ‘Examples of heavy ‘silting i in 1 small ¢ 1 channel reservoirs oceur at the Castle- a 


i 
Reservoir, on Cherry Creek, “near Denver, Colo., and the Buckhorn 


Reservoir, on a small tributary of ‘the Big Thompson River ear ‘Loveland, 
‘The Castlewood Dam Was completed in 1890. reservoir originally 
mpounded 5 267, acre-ft. After thirty-eight years of operation: the. ‘reservoir 
capacity is greatly 1 ‘reduced ; precise data, as yet, are not available as to the — 
decreased capacity. The Castlewood Reserv oir is located lin t the foothills on 


c2 a plains ‘tributary of the South Platte River er, W where the av verage » annual precipi- 1 
tation” is 18 in. _ The drainage area is 165 sq. miles, The Buckhorn Reser- — 


Tes was completed in 1907. The original capacity was 1191 acre- ft. In 


1925, eighteen years later, a re-survey showed that silt deposition had reduced — ee 


the capacity to 626 acre-ft., or practically one-half the original capacity. . The . 
 Buekhorn Reservoir i is located at the edge « of the mountains where the annual» i 
is 16 in. The drainage area ea above the res reservoir is 130 sq. miles, 
30 Both the Castlewood and Buckhorn Reservoirs are fed by streams subject to 


- Rising river beds of the Rio Grande n near San Marcial, N. Mex., and the 
Ar rkansas in n Western Kansas, are also indicative of the heavy sand and silt ee 


resulting from erosion induced by settlement. The former has risen 


if 
origin of the silt question | is erosion, and the writer feels that the be 


of the areas of the Colorado, Rio Grande, 
Arkansas, Platte River Basins and has contributed greatly to. erosion, 


- which is is increasing in the arid Southwest. . Enormous areas of public lands are 
2 affected, ‘and public agencies cannot ignore the | problem of erosion when its 


: far-reaching effect on future water control and utilization is realized. Erosion 
impinges heavily on the ‘present and future water problems of the Western. 
‘United States. Experience i in arid South Africa confirms the experience in the 

Southwestern United States, the ing appears ir 


course of time burning and the concentrated grazing and tramping 
f sheep, goats, and cattle caused progressive desiccation. _ To- -day, the broad 3 


valleys are drained by deep: and wide river ch annels, and the ‘rich grass flats” 


* “Silt in the Colorado and Its to Irrigation’, by Samuel Fortier, 
Am. Soc. C. E., and Harry F. Blaney, Assoc. M. Am. Soc. C. E., Technical Bulletin 67, U. s. 


“The of Irrigation Engineering”, by F. _Kanthack, pp. 108-105. 
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. 
are dried out and eroded. — Rivers only a few feet t wide a generation ago are 


or three hundred feet in width. | ~The dense bush in the valleys has 


i 
disappe red, and the river channels, now ten or twenty times the size they wae 
_used to be, present an unobstruc ted passage to flood water entering them.” 
The recent Bulletin® on “Silt i in the C ‘olorado Rive » by the U. S. Depart- 
‘men of Agriculture, could well be a forerunner of cathe Bulletin on erosion, 7 — 
Through the ‘orest’ Service assoc the Department of 
Agriculture is well qualified ‘to ‘study this impor m a compre- 


The present investigational — of erosion and silt control by the Middle 
Rio Grande Conservancy District in New Mexico is intelligent pioneering 


on a subject destined to play an important part in present and future \ water 
conservation. The States of Arizona, Color: ado, New Mexico, Tex as, Uti 
Wyoming - cannot afford ignore the problem of erosion and “means 
for its. control. The Colorado River Basin and the R tio Grande Basin offer 


excellent opportunities: for a systematic surv ey and "study of ‘that problem, 


feet. |capacity, Period, | age of 


New Mexico.| 30 000 |2 368 000 | 220 000 /11-19:5-1925| _ 
Arizona......| 5 760 |1 367 000 | 101 000 |20-1906-1925) 
#49 300 | 28 559 8-1893-1900 


Elephant Butte.. Bio Grande..... 
Roosevelt 


Austin..... 
MeMillan. 


Texas... 38 000 32.029 | 30 552 |13-1913-1926 
|New Mexico.|...... | 28 782 4 232 |10-1895-1904 


New Mexico.| | 280 | 680 |22-1906-1927 


Castlewood..... Cherry Greek... .|Colorado . 165 267 | 38-1890-1927 
Buckhorn......... Buckhorn ‘Creek Colorado... 180 1191 


recise data are not at this time. 


Grazing ‘control on the Grazing Reserve of Las. Cruces, N. Mex. 
“may ‘develop some valuable information concerning erosion. An interestin ng 


a bibliography on silt problems, prepared by the Special Committee | on ‘Trriga- 
ae tion Hydraulics, | has been published by the Society. + Table 13 summarizes the 


losses in various reservoirs from silt deposition - in the Southwest. ip 


Technical Bulletin No. S. Dept. of Agriculture, 1928. 


Proceedings, Am. Soc. C. E., March, 1925, Society Affairs, pp. 151- 158. 
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) DISCUSSIONS 


‘This is not any statement made 


M. Haptey Assoc. M. Am. Soc. C. E. (by letter). $—The author 
cussion of and comments: on the practical present- ‘methods of desi; 

-continuious beams very happily, describes and appraises them, hey are 


trary; even cap: 


trary; even capricious. _ The only thing to be said in their ve is that prs _ 
are: simple, ‘and that things are accomplished by them. The designer looks 


at his 3 spans and his loads; considers for a moment; deci des that w 1 over some an 


rages 


thing is about right; « and forthwith: proceeds with his computations. An 
experienced man will form Judgments that may quite closely approximate 

theoretical stress: distribution ; the judgments: of the inexperienced 1 man 
Ww ill not be so close. In either event some definite result will be obtained and 
decision re will find expression in designated sizes of beams, 


designs, 

when built ‘anid to actual test of will in most 
" appear to be satisfactory. yi Nothin alarming happens; a few cracks may 
dev elop; ‘nothing more. The construction stands 1 up and carries applied loads 


without pronounced | signs: of. distress, and, the busy rush of. affairs, with 


ow one is w wholly pleased with such | shbithvailia of design, but in the 


f obtaining a correct 

f designing con- 

el Mr. Oesterblom’s selection of the continuous beam of thre ee » spans as the | 


of outstanding importane e is well taken. ‘tt is of more frequent occur- 


than ar any other, and in multi- storied, typical construction that | is re- 
peated over and over again in the same building, this — ‘ihethese, if any, 7 


__* Discussion on the ‘paper by Oesterblom, Am. Soc. C, E., led from October, 

Dist. ‘Engr. Portland Cement -Assoc., Seattle, Wash. 
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is ‘deserving of a correct solution, because the economies that may be effected 
thereby are multiplied manyfold. Similarly, such buildings 
for repeated n mistakes. jg. 


giving separate consideration to dead and live loads: and in treating 


spans ‘individually, determining the separate moment effects, and combin- 

them for conditions, Mr. Oesterblom’s treatment is most excel- 

cellent and logical. * The influence of loads on adjacent spans | is made clear ; 
and plain by this ‘method, ‘and one can see the influence of the several parts: 


a he statement that iii factors are > not properly a subject for regula- a 
tion by anything akin to a 


wees 

code has an engaging interest. Can Canute 

the rising tide come to mind. Ww rill the day come when - — il no longer 


building laws? 


_ As to the moment epi in Table 3,t they apply exactly to uniform loads” 
and symmetric 1 span arrangements ; but as loads depart from uniformity and 


spans from a symmetry, so. do. these m moment factors” depart true” and 


_ proper values. WwW hy “moments due to equi- -distant concentrated loads are so 
nearly equal to uniform loads, that the same moment factors would appl 


+ 
is. not wholly apparent. The adaptation of these moment factors to the case 


of different moments of inertia i in the different spans: is not a matter of simple — 


facility. is it clear why an attempt should be made to develop 


factors for the supports. the moments: at the 


acm 


for ‘uniform loads that mid-span factors at all. 


4. 


These difficulties seem to be inherent in the approach to by 
the Theorem of Three Moments. Oesterblom himself recognizes the 
trouble i in his statement$ that ‘ ‘clearly it is impracticable to make a t table of 

moment factors for all possible and reasonable span. combinations.” He : 


au 


that 2 025 combinations with moment factors each” would be required to 


ot spans Vv varying from 8 ft. to 30 ft. by 6-in. increments. Iti is many times 
: as impracticable if, to the > moment factors for all possible and reasonable span 


J combinations, are added the moment. factors for all possible and reasonable | 


a F rom another angle of approach, however, all possible and reasonable span 
combinations together with all possible reasonable load combinations 
become subject to an. extremely easy and simple treatment. A method of | 
“unbalanced moments” developed by the writer, which i is a special appli- 
“ation of the slope deflection method, makes it possible to derive coefficients 
for the the support moments , which | are as true and ‘ “universal” ” as as Equation (I 


Such coefficients, for the author’ case of a continuous beam of three ‘spans, 


with free ends unyielding supports, a are given in Fig. 6. They are 
_ algebraic form and are expressed in ter: of factors” of the j 


4 Loe. cit., p. 711. 
§ Loe. cit., 
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pers, 


of ‘importance and affects stress in 1 the system. The deriva- 


are know vn, the 


three spans. a constant value of the modulus of elasticity, these “stiffness 


ion of these coefficients will not be presented herein, but th the method of their 
se will be briefly « stated and they v will be applied t to two ‘problems. . 


Determine relative ‘ “stiffness factors” of spans. 


(2) Substitute these values i in Fig. 6 and obtain the numerical coefficients an 


“that are applicable to the particular problem under consideration. ae 
a (3) Consider ‘each span of the continuous beam as a separate, individual, 


single span with fixed ends. Compute the end mom ents w which would result 


moments to “a and to form the three- -span 


Pa _Following this joining of of the s separate, individual, — 
spans, : a re- e-adjustment of stress from that wale 
_ Step (3) occurs throughout the system. © At ‘Support (1), the free end of jo. 
continuous beam, there is nothing to resist or balance ‘the moment which 
7 would deve elop there if Span 12 were the separate, fixed-end span that has. pre: 
viously been assumed. Consequently, this” moment, unbalanced, must change 
- and fall to ‘zero, but in so doing it changes the stress distribution and the 
- elastic curve of the beam in all spans. . F or a moment at any support to change 
its value implies a movement or rotation at that point, which ‘Movement and 
elastic ‘adjustment carries out to the extremities of the system. - ae 
mt At Support (2), Spans 12 and 23 meet and are joined. | Beck of ‘these spans 
had end moments under the assumption in Step (8). These end moments 
are opposite in -direction—clockwise and counter- -clockwise—and although 
they may be equal and may exactly balance one another, are generally ‘unequal, 
- either one side or the other being larger. Iti 1s the eXCess | moment, the amount 
~ by which one side is greater than the other, ‘that is unbalanced, “aa that, in 
changing, lessening, and developing resistance, produces a re- -adjustment 
of stress throughout the entire system. As for the equal, opposite, and bal- 
aoe moments— —the full end moment of one span, and its is equal and ‘opposite — 
part of the > end | moment of the other span—these are balanced and create no — 


change it stress anyw where in the system, regardless of their r value or — 


Follow a similar procedure. at Supports (3) and (4). 


at The final step is to calculate the balanced moments saa support, — 
and the moment effects produced at each | support by the several ‘unbalanced 
Moments. The aic sum of these « quantities gives the actual ‘moments 


a existing at the supports. " In this particular case, that of the three- “span con- 


tinuous beam, the moments at Supports 2 2 and 3 are determined. When these _ 
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HADLEY ON CONTINUOUS: BEAMS OVER THREE Papers 
ea. ‘The coefficients give the moment effects at all supports produced by the B that | 
4 stress adjustment of an unbalanced unit moment at any of the supports. 7 hese J one s 
4 coefficients are abstract numbers | and w hether n moments are » measured in inch- § the t 
(2 K. +K 
i 


)(K  (K3) (2K; K 


nate, 


“4 —- 


vot 


ha 


gril 


poses: 


ts ian ne yf When the spans are symmetrical Only the first three sets of Coefficients ‘require 
ee: evaluation Since these are sufficient for the solution. - 


‘ Fra. i basal OF MOMENTS AT SUPPORTS DUE TO STRESS ADJUSTMENTS OF UNBALANCED 
pounds | or feet immateri ial. found the unbalanced moment at 
any support, multiply the corresponding coefficients by the value of this uw 
balanced moment, ‘and the final moment effects at all supports due to ‘this 


unbalanced moment will be should. be drawn to the fact 


= 
a 
| 
Ine 
— | m 
4 
— 


= ADLEY ovs BEAMS THREE | 


that the change with a change of the unbalanced ‘moment. from 


one side of support to ‘the ‘othe also, that the coefiic ‘ents are written on 


‘the tension side of the beam. - the effect is to produce tension on the top. 


of the beam, the coefficient is written above the e line; ‘if te ensi on is on the 


en 


bottom, the coeftic ient is s written: below the line. Th he unbalanced unit moment 


of Fig. 6 is secumed to produce. tension on the top » of the beam. . Should. ‘the 


ease arise in an roblem of an unbalanced moment producing tension on 
the bottom of eam, the inv ersion of resulting values 
a In tabulating the moment effects at the supports and in combining ‘them 
with the balanced moments, it is necessary to add positive and | negative values. 
Therefore, as in 1 the two ‘illustrative problems, , the convention is adopted of 
ine the moments producing tension on the top of the be eam at the left 
of the ical lines, and those producing tension | on the bottom, at the right. _ 
T his | ‘is an arbitrary convention and the position of a ‘balanced moment as 
“tabulated for + addition : may be opposite the position in w hich it appears in the 
ine of fixed-beam moments 


Example 1 1.—Consider the. author’ s E example 1,* which has a 9-ft. corridor 


Ps: 


span a and two outside spans of 22 ft. 6 in. each ; 67 ‘Ib. dead load ; 60 Tb. live 
“Toad | on outer spans and 80 db. liv e load « on corridor; ¢ and equal. moments of- 
inertia’ in all sp: spans. 


Ho 
te 


its given in Fig. 6, 


‘TABL E 8. —N UMERICAL COEFFICIENTS, 


results are as of Example lis is give 


Unbalanced unit moment at (1). Support (2 | Support (3). _ Support (4). 


Th maximum “positive? > moment in Span 12 will occur when the en ; 


at Support. (2) isa mimimum. By inspection of the values found, this will, 


with dead load o on spans and live load on ‘Spans 12 34. 
this loading the moment at Support (2) is 62410 in-lb. 


Proceedings, An. ‘Soc. “March, 1928, and Discussions, p. 719, 
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bi the case of a beam of s span length, subjected toa uniforsa load, w Ib. 


“per a: with | a moment, M,_ _ applied at o one e end, the distance e of the inflection 
point from the end at which the moment is applied i is given by Equation (34): 


5 Bet 


of a ‘si 


tive m 


DISTRIBUTED Loap oF 67 PouNDS PER Foot ON ALL 


4 


_ Fixed beam bending moment....... 


Unbalanced bending m moment 38. 92 49 28.49 -88.92 


Balanced bending 0 + 5.43 5.43 
Unbalanced moment at Support (3 4............. 0 —2.96 2080 


Summation of unbalanced bending moments.. 0 +88. 


7 


Live ON ‘12 Equat To 60 Pounps PER Foor 


— 
Balanced bending moment. . 0}... 
q Unbalanced moment at Support (1)e.... — 1.58 
Unbalanced moment at Support (2)1..... - 83.16 


i 


SPAN AN 23 Equa To 80 Pounps PER Foor 


Unbalaaced moment at Support (2)s. + 1.75).. 


Actual moments........ 0 Fe 
UNIFORMLY DIsTRIBUTED Live Loap oN SPAN 84 Equa,’ TO 60 PER Foor 
* All bending moments are given in kip-inches. 


and must be given in same linear units. 


ag 
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| Support No. ......... .. 
length, in feet..... 
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E 


een the free end and the inflection 


tive moment in Span 12 is as 


Inflection point: 


load on all spans and live load on | Spans 12 and 34. 


- 


x 62 410 


SPANS 


hat 


= 197 x: 355. xL 1s 5 67 600 i 


ala 


At Support (2) maximum moment occurs with dead on all 


and live load on Spans 


12 and 23 ; combining, this i is 69 570 in- -Ib. a 
a At mid-span, in Span 28, the “negative” moment will be greatest with dead 


si such loads the 


moments at Suppor ts (2) and (3) are 62 410 in- lb. Then the mo moment, at mid- a 


is, 


62 410 - 


— 67 X 81 


X 1s 


= = 542 270 in-lb. 


‘Support (8) Span 84 are determined by symmetry. values all 


agree closely with those found by the author. 


Example 2.—! 


teen floors with spans of 22 ft. 6 in., 7 


0 lb. per ft.; live lo 
factors” 


Unbalanced moment at: 


Support Da... 
‘Support (2) 4. 


"Support ( 


| 


de 
. certain large apartment house in Seattle, Wash. ™ , has four- 


7 ft. 0 in., and 18 ft. » 0 in. ; dead load of 


of 55 |b. per ft.; and relative J, 


1.6 (relatively 


922 — 


its 


= 0.143 = 


ion of Exan ple 2isgivenin Table 


Support 


re 


0. 278 = 2. ) 3 
~The numerical are as given in Table 10. ‘The 


ERICAL 


1, and 5. The 


poss 


| 
Support 


& 


4 


x Support (3). 


G 
Support (4) 


A 


| 
114 


moments may 


| 
0 


et 


é 


Lan 


be determined from 

j 


Table 11 to be 
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apers, 


“THREE | 


Moment : a ‘Support. (2), 40 900 in- n-Ib. 
moment in Spans 23 mane 


126 600 n-lb. 


Sn —— maximum mid-span moment in Span 12 is: 


7 
Vex = (70 55) x 20. 36" x 15=77700in-lb 

and the maximum mid-span. ‘moment in 34 is 
= 125 14? x 1. = 55100 in-lb, 4 Balan 
‘the case mid-s -span moment in ‘Span’ 23, there are moments at Unbal 
‘om ends, 36 } 100 an and 11 600 in- -Ib. _ The. excess of the larger moment at ‘Sup: 

‘port (2) over the smaller moment at Support QB 3) is 24 500 in- -lb. Ordinarily, 
for the determination of the maximum | or minimum values of the ‘mid-span 
moment, this excess moment is treated precisely like the end moments in | a 
& Spans 12 and 34 for finding | an inflection point and ‘new span length, ete., and, Fixed 


_ after this, | a final correction is made for the smaller end moment, the value = _Unba 


_ which is “applied as a constant to the results obtained. Here, however, the 


excess moment is so great that there i is no inflection point, and no maximum 


mi minimum value of the mid-span_ moment. If. it is assumed that the mid- 


: span moment is the : average of of the end moments, ‘the assumption will closely — 
de. 


: approximate the truth, and any any error involved will be on the safe si A 
examples: have’ dealt with uniform loads. Any other sys of 
or -variable—for which | fixed- beam moments can 

ean be with equal ease, ‘since the method deals with unbal- 
anced moments and not directly with the beam loads. Variable span lengths 
and different moments of inertia of the several spans can be handled with 
— practically the same fac cility as equal spans and constant moments of inertia. 

The effect of settlement of supports likewise can be included in the ealeula- — 

- tions with these same coefficients in an extremely. simple and ready mi - 


iF or other than three spans, , and for the ce cases of free ends, fixed ends, one 


end free, and one fixed, and of variable eeneite of restraint at ‘the ends, 
similar r tables of ¢ coefficients can be prepared and thereby the continuous ek: 


(continuous also i in the interminable length of rec 


calculations) 


» 
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TABLE 11.—Numerican Soturion or E XAMPLE 2, 


UNIFORMLY Loap OF PounpDs PER Foor ON ALL SPANS ‘ 

Fixed beams moment. 5.4) 8.4 8.4) 28.7 


a 


Unbalanced moment at Support (1)o 
Unbalanced moment at Support (2)3.... 
Unbalanced moment at Support (3)4 
Unbalanced moment at Support (4)3 


4 


Summation of unbalanced bending moments.. - 


UNIFORMLY DisTRiBUTED LIVE LoaD on 12 EquaL TO 55 PER Foot 


“Fixed beam bending 8 27.8) 4 
Unbalanced bending moment. (27.8 27.810 


‘Balanced bending moment. 
Unbalanced moment at Support (1)o. 
Unbalanced moment at Support (2) 


0 0 
Ss 


DistRipurEp Live Loap ox SPAN 34 KQuat To To 55 Pounps PER Foor 


Fixed beam bending moment 0/0 


Unbalanced moment at Support 

Unbalanced momeut at Support t (4)s.. 


All bending” moments are Given in ‘kip- inche 


s. Papers 

— 
| 
Balanced bending +84)... 48.4 

a 

= 

=, 

UstrorMLy DisTRipuTep Live Load on Spas 23 To 55 PousDs PER Foor 
yf Unbalanced bending moment..... 2.7 0 
Unbalanced moment at Support (2)g............/0 +1 5) +0.4).. aa 
4 Unbalanced moment at Support (3)o............/0 +0.3) i 
— 

= 


CONTINUOUS BEAMS OVER THREE SPANS- [Pape 
‘simple With a simple and easy method available for caleu-— 


lating results, the designer ean vary the moments of inertia of his members | 


and thereby obtain a control over: the distribution of stresses in his con- ; 


nuous beam that heretofore has been attemptec only by v varying’ the span 
length, | 


— 


While he can do this, it is to be recognized, of course, that “The Building — 
Code”, or something will have its final say in the ma 

ter, and, again, the distinction betw een “can” ond “may” is, to be acknowl 
prey and admitted—by by Man, if not by Nature. — 
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PAPERS AND DISCUSSIONS 


a - This Society is not responsible for any statement made or opinion expresse 


6 Discussion* 
“Wes. 


Esq. —This paper | describes very well actual 


Po may be as divided into two distinct 
on their origin), namely, Alpine | and Apennine. The 


most important Alpine tributaries are the Ticino, Adda, Oglio, and Weis _ 


classes (depending 


tively. Be common characteristic of these rivers to form lakes provides - 4 


= which flow through Lakes Maggiore, di Lomo, Iseo, and Garda, » Tespec- 


are quite clear 
carry only some sand mud, so the Po receives no sediment from 
these 1 rivers. 2 The clear water tends, rather, to clean out the bed « of the iver, ou 


even removing some of the sediment Neseae down - from the Apennines. The © 
-water-sheds that drain into the Apennine tributaries are almost entirely com- -— 


posed of calcites and argillaceous- materials and, therefore, the streams 
very turbid. Ina ‘manner similar to the Alpine’ tributaries, the Apennine 
Tivers de deposit the heavier material in so-called “expansion beds” which extend © 
up stream from the Bologna- Milan Highway for 50 60 km.. These 
have a variable width of from 1 km. to about 100 m. and a slope | not greater a 


‘than 5 to ‘8 per cent. After the heavier n material has settled out, the rivers — 
flow in eroded beds with a sand bottom and hence carry nothing to the Po i 


except fine materials which are easily carried away by floods, or, as previously 


1 stated, by the clear waters of the Alpine tributaries. 
_ There is ‘no sign that indicates, historically, | a noticeable advance of th 
ies and n none that marks any appreciable | rise in the river beds, because ee 
floods that occur in these 1 rivers are of short duration and are limited in gen- 
eral to the spring ‘and autumn seasons of the year. & 


* Discussion of the paper by John R. Freeman, Past- Presiden Am. Soc. Cc. E., 
tinued from September, 1928, Proceedings. 
+Chf. Insp., Civ. Eng. Dept., Po River, Parma, Ita 


* Received by the Secretary, August 15, 1928, 
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GOODRICH ON ‘FL 00D CO (CONTROL ON THE RIVER PO 


any rate, the that settles in the expansion beds is heavy 


so that the present slopes may be considerably increased before any of it will 


be picked up and carried into the eroded river beds below. In the meantime, 


‘Ttalian er engineers. are providing aj ag ainst such a contingency by reforestation, 
ue This is true also for ‘ileal the Po froun the mouth of the Adda Riv 
. at Cremona) to the outlet at the sea. In the section from Turin to Cremona 
“several torrents like e the T rebbia, the Scrivia, 


e § Tanaro, Sesia, Dora Riparia, 
Dora Baltea, and the Orco Rivers tr: the Po. In the section 


——— down to Ticino, the bed of the main river is entirely gravel, and the 
“river flo flow is of a torrential char: acter. _ The remedy consists in ‘controlling 


the torrents that flow into the Po and regulating their delta cones. Tenant , aa 


_ The slope of the valley on either side of the Po i is only 1 or 2% , near Cre- 


‘mona. . Farther down n 1 the river r the water level, duri ing ordinary floods, is nearly 
alway ays above the surrounding country. In this region the adjacent lands : are. 


drained by pumping by of ate canals that empty” directly into 


Lands adjacent to some of the such as the Parma, Enza, 


Secchia, and Panaro Rivers, are drained by means of 
‘There i is not a second line of dikes along the Po. ‘The Government’s dikes 


fons a continuous line defense down to the sea. ‘However, the lands that. 
are included between these dikes and ‘the lower course of the river are ‘pro-— 


“tected by p1 private or ‘communal secondary dikes. These are all lower than the 


main dikes at least” a ‘therefore, ey from 20 to 380 em. 


er 


In regard to permanence of the ‘thie bed of the Rive er Po, Fig. 14 the 
mean elevation of the bed observed at gauging stations: for a period of years. 
The readings are taken atthe same place each year. _ While they 
never the same from year to year r the elevations always oscillate about: a line of | 
equilibrium and show ‘practically 1 no appreciable net change. 
4 


This permanence of the average river depth is also clearly demonstrated 
by other hydraulic phenom 1en id results, a as follows: 


aA comparison of cross-sections taken during 1916 and 1917 with those 
_ observed by the Brioschi Commission, about 1878, show that the are va of dis- 


has not changed. In certain cases, at has increased. 


— (b) The a average decennial scalar diagrams of the minimum annual dite 
Shit 
_at Pontelagoscuro, revised to date by Profes or Fantoli,t show an undulating © 


14 
course Ww vith | alternate n minima and maxima, and do not indicate lowering or 


raising the level of the river bottom. 


D. M. A Am. Soc. E. (by letter). §—The author has given 


the profession : a very valuable résumé of the history and development of the” 
‘Tegulation of the River Po. T o those who have become interested in this 


particular branch of engineering, ‘the records of the observations, investiga- 


* Relazione ed Allegati Minestero dei Lavori Publici, Parma, 1924, p. 84. 

EProf., Civ. and Eng., ‘Univ. of Laramie, Wyo. 
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sources of information and reference, Hence the i s of unusual interest. 


agric 

wa is especially timely on account of the situation connected with the J; 
— of J 
While the: science of ‘iver eering: doubtless had its” birth in Italy the 
St 
Far East for than 2 000° years. where is. his. ‘more “tre than 

2 in the - Provinces of Shantung and Chihli, in North China. Some comparisons 7 

and contrasts of. the practice and conditions there with those in Italy, as 


_ One of the largest rivers of the Province of Chibli- is the Yung Ting Ho 

which “presents: one of the most difficult and interesting problems of regula- 
tion and flood | control i in North China. The single exception is | the Yellow 
Rive r which i is, of course, a much larger ‘and longer stream with many unique § 

In 1918 a commission of somewhat international character, was organized 

by the Chinese Government | to carry out some much needed flood- -protection 
and regulation works } on the rivers of Chihli, and to survey the general situa- 


tion and recommend measures for flood relief and the control of its ‘Tivers, 


Yu 


This” Commission therefore has been studying g this 1 river, with others, for 

short: time, although | it has been, more or le under human control for at. Teast 

is about 80 ‘miles om the foothills just below the canyon by which the 

Yung Ting Ho leaves: the ‘mountains, to the confluence with the Hai Ho 


-Tientsin, 30 miles from the ‘present: coast. Practically no drainage enters. 
_ the river below the mountains as this portion has been controlled for a long 

— time by a system n of dikes. . Above the lowest gorge on the river, the effective ;_ 
drainage area is about 18 000 sq. 1. miles. | The basin is approximately 200 miles” 

long : and about one-half as wide, | although the shape i is irregular. The average : 


annual precipitation at Tientsin near the coast, is about 20 i in., and at Peking» 


just below the mountains, it is 24 in. _ However, on the plateaus and 1 mountains — ? | 
comprising the drainage area of this river, the rainfall As very much less than ae 

on the coastal plains, but the data are not sufficient for an accurate estimate ae 

of the average for the basin as a whole. For this river, therefore, the general ; . 

conditions as to o rainfall on the coastal plains and areas are exactly. 

‘ the reverse of those on the Po, while the amount is probably only about one- a 

‘Through the ‘gorge, the river a slope of about 300. “Above, it 
across the Huai Lai Plain | for a distance of about miles on a 
of about 1 1: 1 000. This plain i is elevation of about 720 ft. above 
sea leve ne To the north : and west, above this plain, the river drains a series J 


Summer is the flood season in North China, with | the heaviest storms 


betwe July and August 20. However, the disastrous effects of 
J 
worst ‘storms may not. occur near coast until the waters which 

accumulate behind the levees on the plains ‘reach their maximum height. 1 


— 
GOODRICH ON FLOOD CONTROL ON THE RIVER PO [Papers 

and ‘experience of the eminent engineers who have been eng: 

5 

Lege 

tow 
ere 
the 
| 

| Ww 

a 

— 


Papers.) ‘GOODRICH on” FLOOD CONTROL THE RIVER Po 


Under present conditions this may “not happen until in as in 
1917. These ‘great floods, which square 
agricultural Jand, 


o* Po, in 1917. ‘This i is an average run-off for the Yung Ting Ho of almost 


sec-ft. per sq. for the effective drainage area, which may be compared 
with the 15 sec-ft. stated* for the Italian stream. bs Mr. Freeman’s “possible” 
explanation for ‘the relatively small run-off per square mile, would seem to 


me 


apply) with even greater force to the ‘Yung | Ting Ho a large part 
2 of the drainage basin 1 is of loess formation, oa where there i is never any frost — 


in the ground at the time of such st storms. The tot al run- -off from this basin 


“for the months” of July and “August, 1924, was ; estimated at 300 000 000 
eu. ft. , while the approximately 4 459 000 000 000 cu. ft. This 
is a run- n-off of about 114 4% for the two months of ‘the flood season, bas 

hile these comparisons show that the Po is the larger stream 


greater unit run- -off and maximum discharge, the discharge of silt by the 

‘Yung Ting Ho is much greater. This is perhaps more remarkable than 

feta of these floods of 1 North China, and particularly for 

river er. ‘Samples have been taken which showed 10% of silt by weight for the 
‘Yung. Ting Ho and as high as 11% for the Yellow River. These are of 


« 


course maximum records, and it is quite probable ‘that such high _ degrees of 
- saturation are not - usually of long duration. Hence, they would have relatively . 
smaller effect on the total weight of silt transported annually; but ‘amounts of 


from 2 to 5% by weight are not at all uncommon for much longer periods 


during the flood season. “ At the sa same time conditions often arise which tend 
toward” high degrees of saturation locally; for example, w hen there i is rapid 

_ erosion of | of high banks o or loess cliffs, which cave off into swift currents. so that 


Baad stream carries a a very heavy load of silt for a short distance. — ~The writer 


saw a whole village | destroyed i in three days in 1924 when the Pei Ho was ino 


at 
flood. Deep scouring undercut the banks rapidly and the shifting of the 


= was ‘so inevitable, that the villagers were powerless | to prevent the 


the channel has shifted deat mile » frome east to west 


= Such conditions, w where e the ri river has built up the plain mostly of this loess 
and w here enormous s quantities. of similar material are transported 
4 nnually, probably present the most important factors tending to ca use the 
river to meander by distinct and widely separated channels: in this region. 


migrations. of the Yellow River have been mapped discussed at 
4 various times, and ‘Yung Ting Ho has had a very ‘similar life history 
during almost 2000 years of record. 4 
‘The a average annual volume of silt deposited by the Yung Ting Ho on its” 


| from the mountains to the sea, has been estimated at 18 000 000 ¢ cu. _yd., in 


ddition to which an “unknown volume has been carried on and added to the — 
yellow waters of the Gulf of Chihli to be spread finally ; on the bed of the sea’ 
or along the constantly extended shore. Approximately, this would be 


000 000 tons of material used in building up flood- ‘Plain 
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morta 
a bed of this gue.” While the data on w which this estimate 1 —? are not pert 
on conclusive, this ‘subject has been given very careful study and the figures ~ aa 
believed to be conservative. i] This mass of silt is more than double that brought 7 


by the Po with its larger basin, and yet, be it remembered, does not satis! 


include that carried ‘If this material were ‘distributed 


over the entire effective “drainage area of this” “river, “it would amount 


about 850 short tons: sq. mile, which is moved annually from 
the upper reaches of the river to the plains between ‘the mountains and the | 
“sea. _ While the total amount is certainly much greater than that stated, it 
_ ‘should also be remembered that the great bulk of this” material comes from 
certain: well-defined areas forming e enormous deposits c of loess. might 
a perhaps be accomplished if this silt problem w fore attacked at its ; source, but — 


oe For a few miles below the mouth of the gorge where the river eaves the 
the bed is composed of very coarse gravel. than ten miles 
from the foot of the mountains the bed is composed almost entirely of sand. = 
Farther down, this material becomes finer and finer, until there is ‘nothing but 
‘silt i in evidence on the more level plains. U nlike most riv ivers, the Yung Ting 
- Ho does not now have e any ‘well-defined delta cone at the point where it leaves’ 


mountains, due to the fact that ‘it has been trained 


a #0-cailed from manner of its ‘This is 


from 6 to 20 ft. above the level of the surrounding plain... At its head are at 
“Telia three distinct lines of dikes constructed to confine the - river as it built 
up its flood-plain and bed, and this building is still g oing on, as it has for 
200 years. Contrary to the opinion of the Italian authority, Frisi, the ‘point 
: where the building up of the bed is most rapid, is 40 or 50 miles below the 
= last sign of gravel in the bed of the stream. ey Where the river has built up its | 
bed well above the plain: the sand ‘and forming the river channel is 


extremely ‘porous, causing enormous losses. In J une, 1924, month 


must be deposited, and with a of 50%» which i is not uncommon, the 
amount deposited must be very large, with a decided tendency to maintain 
_ the degree of saturation, if it does not actually increase as one proceeds down | 

stream. Tf the mouth of the Yung Ting Ho is taken at its junction with the 

Pei Ho. on the Gat side of the the in elevation at ‘this point 


n § 
| 


‘out the coast ‘ee at ‘its mouth for the same length of time. | size of ils 
r iver, the volume. and character of the silt transported, the topography and — 


ological formation of its drainage basin, as well as the climatic conditions, 
are all so different: from those obtaining on the Po » that: herrea results and 


| 


- wie addition to the dikes along the ~——— Ting Ho, other devices have been 
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[a jis an open spillway, or notch, in one of the dikes, with abutments and wing- 


GRUNSKY ON FLOOD CON’ TROL ON THE ‘RIVER PO 

walls” which are usually built of excellent lar nesonty laid with. lime 


‘mort ar. he crests and aprons: are usually a “mixture earth and lime, 


satisfactory results. — In other instances abutments and wings as well as the 


aprons ‘and cres st, are of earth-lime “concrete, ‘and have stood for almost 200 — 
years. temporary dike i is usually built on the crest of a spillway toa a lower 


elevation than the main dike sc 80 | that it will be over- topped. or can be cut in case — 


Another spillway ston _Mmasonry, is in excellent condition after 
nearly” two hundre d years of service. Tt was intended to be controlled by 
_stop- -logs, but the crest elevation is such that only the higher floods overflow 
it and at present no attempt is made at regulation. 


em. Still another spillway was built for better control of floods on the Yung 


- = 


+ 


Ting Ho, as ; late as 1914; but this one shows foreign (probably - French) influ-_ 
ence in design and construction. It is located at the west end of the 80- -called 


Mareo Polo Bridge near Peking, a most interesting and ve very ancient structure | 
mentioned by that noted traveler. - Between these last-mentioned weirs, the | 


river dikes are very _ wide apart and form a channel reservoir having an area ~ 
of more than 20 sq sq. miles, which | has great effect in reducing flood peaks o on 
account of the relatively large storage eee :t and also on account of the very 


earth dikes have piles of ial distributed along the top fo 


emergency repairs. — ‘This is common practice although the earth available ne 
i 


usually not suftic sient for 1 more than ve very minor repairs. The elevation of the 
channel reservoir above | the surrounding country, together the very 


porous the deposits ‘made its flood channel, 


‘river. It is estimated that for a flood reak of 8 000 cu. Lu 
Chiao, about 1100 cu. m. will be discharged over the weir at that place, , while 
about 450 cu. m. more will flow over the eut-stone spillway. Between these 


points there i isa probable further er reduction i in the crest discharge of ors 700° 


cu. m. for the r reasons stated. 


All this may serve to emphasize the well- known facts that, w vhile 
tion and experience with one stre eam are 
analysis of the problems involved on that ‘be. recorded com-— 


7 parison, each river presents its own peculiar problems due to its own ‘peculiar — 


a conditions, Only by the e most careful study of ‘the conditions an and problems _ 
for each individual case, can one hope to arrive at anything approaching a 


E. Grunsxy,* Past- PRrEsIDENT, AM. Soc. Cc. E. (by letter). t+—Current 


engineering literature i is filled with accounts of works and structures ‘recently 
completed. and with discussions of pending problems. is refreshing 
get from time to time what Mr. Freeman has given the _profession—an 


Cons. Engr. (C. E. Grunsky Co.), San Francisco, Calif. 
by the (24, 1928. 
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In the matter of flood control, the Engineering Profession has much to 

learn from n this experience. ‘There i is only one point in connection therewith 


-— ‘it seems to the writer, ‘should be further stressed. _ The valley « of the 
Po differs: s from | the valley of the ‘Sacramento and of the 1 ‘Mississippi mainly | 


in the fact that the principal flood- control levees | can be ‘set far back - from 


stream in the uy upper er parts of the valley. areas” of cultiv vable land | 


per function in the same way at extreme river as the 
in the ‘Sacramento Val alley. In the ¢ case of the § Sacramento ‘Valley, however, 


areas set apart for occasional flooding could not, for topographical reasons, 
be located along the river; they had to be set back some distance from the 
high bank land. © In both cases, however, , the purpose is the same, that is, : 


3 large cross- -sectional area is provided in or slong. the river's | 
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-ADMINISTR. ATIVE W ATE ER PROBL E 
a ‘SYMPOSIUM 
Discussion* 
— 


1OMAS R. Assoc, M. Am. Soc. C. E. (by letter). outline 
i methods used i in transmitting and delivering - reser oir water in Water 
District No. 36, Idaho, has been presented by Mr. Baldwin. It is is -mentioned§ _ 
that transmission is effected through the Snake River channel from both the 
Jackson Lake » and American Falls Reservoirs to to the river head- -gates of the 


numerous owners of storage rights. - ‘Thus, the channel of 1 the main river 


carries an increment: of reservoir in addition to the current run- -off of the 


‘water-shed during : a a large part of the irrigation season. Natural water dis- 
‘tribution: must be made simultaneously with storage delivery despite 


g this current run- off w ith these con- 

tinuous streams of ssonalt storage. hei some sections of the river the reservoir 
water increment is even greater than the 1 natural flow during part of the 
season. % The relative proportions vary for years of differing s snow ‘supplies. and 


_ Transmission loss schedules and reservoir outlet divisions. always must 
“meet the tests of changing conditions and even of changing ow ownerships. The 
“small percentage of ultimate wastage (flow past Milner Dam during regula- i 
“tion period) is a real index of the excellence and efficiency of the control 
system, of river operation as a whole. The fact that these major reservoirs 


have been operated | ever: since constr ruction in conjunction with natural 


* Discussion on the Symposium on Administrative Water Problems continued from Sep- : 


Received by the Secretary, September 44, 1928. 


§ Proceedings, Am. Soc. C. E., April, 1928, Papers s and Discussions, ‘1081. 
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NEWELL ON ADMINISTRATIVE WATER PE PROBLEMS 


at. The « compromise agreements upon > which division is made between natural 


and reservoir waters when flowing commingled are of particular interest to 
the writer. In Water District No. 386 these agreements consist of brief digests | 


Es. £e 


of methods of ‘division at reservoir outlets and schedules of percentage e trans- 
a osses to be applied through | successive ri iver sections to transit 


—_ As they are adopted annually | in slightly revised for m, these com- 
promise s schedules should carry greater prestige from year t to year, and as time 
goes on, should become more nearly representative of true conditions, It i is” 

that variations in schedules the of 


investigations of a a co- o-operative nature. “Objections of merit are usually. met 


or the granting of ‘special privileges” to avoid 


In this connection it is inter esting to ne note the ex exact + effect of a change i in 


a river operation ‘agreement from the view wpoint of a holder of a natural water 
oy 5 _ decree and a user of reservoir water. Assume, for example, that a transmis- 


ad sion loss schedule is increased 10 per cent. Each’ storage owner’s holdings are 
_ decreased 10 per cent. ' The only escape he has from the penalty is that his 


"storage right ‘may be a mere insurance and seldom withdrawn. ‘This: 
‘increase in applied transmission loss increases the total supply of natural water, 


a, but not pro rata to each holder of a decreed right. In Idaho, a decreed right 
specifies a quantity beneficially used) and, i in cases, a priority date, 


As river supplies iceman below the quantity necessary, to fulfill all decrees in 
use, the river water-master refers to his chronological list of priority dates and 
declares that right with the latest. date either partly or completely invalid 


7 and denies use thereunder. _ This process of eliminating one user ‘after a: another | 
is continued until the river stage reaches the summer low. T hen, as supplies 


= 
increase, decree i is restored in reverse order. one 


Pioneer rights the extent of the minimum summer flow remain un- 
2, touched and, in reality, have no interest in the changed transmission ‘oss. 
an 


fy the right the longer is the of denied use. which must 
suffered. To each invalidated right: an increased ‘transmission | loss means 


extended time of validity at either end of its. period of denied use. The 
i! laut of the e xtension is defined by the amount of gain to natural supplies 


to the Tt 


| 
may not the decree and it “may ‘not help: ‘fee ‘more> than a 
single day; but for several y years the storage delivery rate from ‘the J ackson } 
Lake Reservoir has been quite large during the months of July and. August. 


_ Likewise, the summer minimum of Snake River flow usually remains fairly 


art 


constant for several weeks in the height of the irrigation season. — Therefore, 
is for a single large decree, properly placed chronological 
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carry the illustration it is true that many of these young 
‘rights have purchased supplemental storage, so that their gains may be partly 
offset by losses t to their supplemental supplies. Careful study of these effects 
serves to accent the , fallacy of the popular belief that any general method of 
division between the two classes which balances for the season is fair to the 
individual al decree holder. it may also present to the politically minded an 


interesting angle of the “ ins and outs” of stipulative agreements. = avimals 

bh _ Compromise river and reservoir agreements : should tend toward workable 
“methods of division which should be fair to each party throughout each season 7 
1 and which should keep } pace e with current events. With the initial draft from 
the new American Falls Reservoir comes a series of changed ownerships, new 
river complications, and notable variations in river regimen extending from 

Jackson Lake all the > way to Milner. A reservoir outlet. division, operated = 


on the contour method, in which evaporation — losses and natural storage 


credits are balanced against bank storage return, , usually contemplates a full” 7 = 
use of the 1 reservoir - and cannot be expected to serve a hold-over storage unit. 
Henrys - Lake Reservoir is is notably i in the latter class and on account of recent | 


changes i in ownership ‘at J Jackson Lake, this great storage unit is tending i nm 


TT These same factors operate t toward less regular increments of reservoir V water | 


‘Fiat percentage rates of trans- q 


mission loss and flat time interval diusiaieaiies for any and all. river stages es and — 
rates of f delivery will x not so fairly comprehend the new situation. — Lag er credits | 


help 1 to even the charges, but should be applied i in direct proportion to increases 

in stage and should not be permitted to be used in any but a regular mechani-_ 

cal manner. The > space privilege, the temporary transfer, and many permanent 

transfers might each serve an honest purpose did they not so often go go hand -_ 

in hand with appropriation and even Court decree beyond the bou nds of © : 


beneficial use. The current « dearth of water supply in Water District No. 36, 7 
due to the » many new storage purchases (made possible by the construction of _ 


the American Falls Reservoir, and the ample natural run- -off of 1927 | and 


8), , has eased the river operation situation temporarily. - The advent of a 


season of shortage - will not soon bring general crop losses on account of hie oa 


presence in the district reservoirs of much ‘ ‘water insurance” | which may be 
rented; but with | the reclamation of additional lands, now conte emplated, 


supplies will eventually be depleted to the — point where rive ra nd reservoir 


problems will become more important. 


sa Only a part of ‘the transmission and division agreements 1 now in force have 


support in actual s seepage investigations. these investigations, many 


been continued one season only, while some are based. alr on 


miscellaneous field runs. Continuity through different t types of seasons—the 


fundamental of every thorough hydrological study—has- been denied most 

cases. F ew, | if any of the channel : studies made i in the past, show the — 

tion of the modern methods of refining river-station | differences in use in 


and some even | hep ‘inflow as an independent 
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‘criticism often to effect ‘that: the segregation "of the 


“factors involved ¢ can never be exact, is true despite the use of the most modern 

However, real values do result from orderly ‘presentation of measurable 

a ane properly qualified as to exactitude. pai Just divisions require careful 

- observation of seasonal trends of, disputed factors. - Developed waters resulting | 

from drainage recoveries, return flows from new irrigation, | artificial ground 

storage, and reservoir bank ‘storage, should each be observed currently. 

| for reservoir drafts due to not be 

d and insufficient 


thorough: and continuous. he effort to. co-ordinate all all adminis- 
_ trative activities, within ‘the district, has built up a continuing aud an ade 
quate organization which has effected improved operation service. . The basic 
schedules underlying operation schedules are entitled to equal consideration 


a ae, To the student of river operation | the paper is particularly interesting, in 


that it is representative of ten years’ experience in transmitting reservoir 
waters at rates of much greater magnitude than the usual. *; The same rules 
which apply to storage deliveries at the rate of a few miner’s inches for a 


e respective « owners. | Iti is 


tion of the very effective system of control which has ‘resulted i in scalhiaaeall 
~ gervice and, at the same time, a negligible ultimate waste. The attainment 
of these two ends is the mark of good regulation and deserves the careful 
consideration of every pe son interested in orderly: distribution on a large 
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PRANS-MOUNTAIN WATER DIVE SIONS 


B. F. Jaxossen anp Paut M. Enrenm MAN 


Van Norman 
that a careful investigation shows that Angeles will reach ‘the 


limit of its water supply w ithin ten years, but I he does not give any authority — 
for this statement. Careful engineering investigations by competent 


engineers, such as ‘Thomas H. Means, M. Am. Soe. Cc E., Paul Bailey, 
M. Am. Soc. OE: and others, show that additional water supply | can 


ait d Mono Basin in sufficient quantity to justify 


obtained from ‘Owens Valley an 


the building of another aqueduct from Owens ‘ alley w ith | a capacity of about — 
450 sec-ft., and that the power which can be developed would d pay for this 
additional “aqueduct. _ This water is ideal in quality for domestic use, a a: nd 
vould supply a of about 4 000 000. Tt will most likely be 


more > than “ten years” | before this population ; is reached. 


The author refers|| to a large infiltration: canal. 
8000 acre- “ft. of mud to be removed each your from the 1500 sec- -ft. of © 
flow, for which Los Angeles has’ applied from the Colorado River. 

the w. width of the available river area to be 528 i. 


of 64 acres per mile length of infiltration canal. 
filter to a depth | of 2 ft. and there are 25% voids, 250 miles of are oe 


‘anal per year will needed. This does not look very practical, and the 
writer doubts whether the ‘usual ‘methods of mechanical filtration, which te (pe 
author. suggests s as an alternative, will work much better. _ cep 

_ The storage capacity of Bridge Canyon Aqueduct diversion is 


given by Mr. Van Norman as 6 200 000 acre- -ft.,f and he states that this iy 


or mile, or an area 


« * Discussion on the Symposium on Trans-Mountain ‘Water Diversions, continued from. 


t Received by the Secretary, July 23, 1928. 
Am. Soc. C. E., Papers” and Discussions, April, 1928, 


| Loe. cit., 
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JAKOBSEN ON TRANS- MOUNTAIN WATER. DIVERSION 


“would be filled with silt before many years, and that, a if t this site 
"were ‘selected, ‘it would require an additional dam im within a short time. At 


Wied 
this point the river carries about 100 000 acre- ft. of. silt annually, so that if 


i 


all the silt were deposited, it would still take sixty-two years to fill the 
reservoir. Long before the silt problem would become serious, 0 other dams 


would have been built in the ‘natural: course of f developing the river. 
Norman states* that the two grav ity routes have been investi- 
gated and found ‘ ‘extremely expensive to "construct, and that the time 


construction make them _impraeticable. a recent 


will be 400 000. “Capitalizing this at “4, per year 
af $187 000 000. if Mr. Van Norman will “a this” to the cost of the proposed 


- pumping plan, the writer believes he may find it ‘difficult. to maintain “his 


the ‘gravity routes will be ‘ “extremely expensive.” 
ne Doubt has been expressed by the author whether a dam higher than 630 ft. 


above the low-water stage of the 1 river | can be safely built at the Bridge Canyon 
site* A geological report d described the rock above the exposed i igneous rock as 
quartzitic sandstone. might be well to leave this an open question 
until decision | can be made on the most competent geological and pneinecring 


; Much value =“ be ‘added to this paper if Mr. Van Norman would give 


4 the. detailed cost. da ita which he states} have been prepared. It would be 


especially interesting to ‘compare the two proposed gravity routes with the 


@ proposed pumping scheme with its enormous annual } pumping charges. 


Mr. ‘Van Norman states§ that the most favorable location for a power 


; dam i is at Boulder Canyon. fT A number 0 of such | sites have | been described i in a 
report| by E. ©. La Rue, M. Am. Soe. 0. E., according - to which it would be a 


ied 


serious mistake to construct the proposed Boulder Canyon Dam, since it 
le thir 


does not fit into a gener al plan of development of the river, and would result 
iat 


in a waste of about 300000 h. p. PR illiam Kelly , M. Am. “Soc. , while 


Chief Engineer for the ‘Federal: Power Commission, investigated the 
proposed Boulder Canyon Dam and recommended against 

The author has” ‘failed ‘mention the "opinions and ideas of com- 


petent engineers who differ with ‘him. — ‘Some plan should | be arranged which 


receive ‘the approval of a considerable number of competent engineers, 


~ and it should be understood that there is nothing | final about the one rie 


M. ANY Assoc. M. Soo. 


i man’s paper shows clearly that, of the routes for the ‘Les 
- Colorado River Aqueduct, there are but two that deserve serious consideration 

_ —the Blythe route and the Black Canyon route. As the Black Canyon i is pred- 


* Proceedings, Am. Soc. Cc. E., Papers and Discussions, April, 1928. 
Engineering News- -Record, May 3: 31, 1928, p. 853. 


|| Report No. 556, U. S. Survey. 


by the Secretary, 23 , 1928, 
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INMAN 0: ON TRANS- MOUNTAIN WATER DIVERSIONS 
At cated on the choice of a site for the construction L of the ‘Proposed Boulder I Dam _ 
not Ze (which may not be the one finally selected) the « adoption of the Blythe route, - 
ll the ora route farther south, seems inevitable. This is apparent since it will is hy I 
dams desirable to begin: early construction of the aqueduct, whereas the approval 
legislation the Boulder Canyon project may be delayed. 
ivesti- | The author states* that investigations of the feasibility of the Blythe route i 
time a8 a project independent of the construction | of the Boulder Dam, are being 4 
recent conducted. Without a high dam creating a reservoir that will, act as a 
oposed silting basin, the problem « of excluding the silt of the Colorede River from the : 
gives aqueduct Ww will be one of major importance. 
oposed The proposed intake is located 120 miles below. the canyon, in the section 
his of the river characterized by broad, fertile, deltaic plains. “ this region, — 
= Py the river flows ina bed of its own alluvium. 7 Logs of wells ae other sub- 
630 ft. surface explorations show that the alluvial deposit is of more or less uniform: 2, 
‘anyon character for great depths. It is marked by extreme fineness of the constituent — 
“ock as particles. Underground flow through this mater ial i is so slow that it is doubful - , 
1estion § whether an ‘infiltration basin of sufficient capacity to serve the aqueduct. would 
leering” “be feasible, for irrespective of the porosity of the material in which the infiltra- 
tion canal may be constructed, flow into the must be through the fine 
give bed silts of the river, 
uld be rate of underground flow, investigated with Hazen’s well-known 
th the § formula,t assuming d = 0. 10 mm., is found to be a velocity too low to serve 
"power ~The assumed value of d = 0.10 mm. is larger than ‘the effec tive size 
Praag 
od ina ~ the sand grains in the bed of the Color ado. - Fortier and Blaney$ | give a 
a | “mechanical analysis. of the deposits i in the bed of the river from a number of 
ince it samples; one, taken a at the intake of the Palo Verde Canal, within five miles — 
7 result of. the site of the proposed intake for the Los “Angeles Aqueduct, shows that 
wi hile @ 14.62% of the sample consisted of grains having a diameter of 0.05 mm. M cd 
red the & A theory | that extensive strata of water- bearing gr avels may be found below 
«the silt and sand has considerable currency. The investigations of F ortier 
f com- and Blaney show clearly that very little material that can be classified | as 
| which - coarse sand reaches the low er river. 1 The canyon section of the stream is an 
gincers, efficient grinding mill reducing gravel, and sand to a silt of which 
od plan. "more than 50% is finer than Portland cement. 
Occasional beds of gravel are found where débris cones at the mouths of 
fr. Van "washes debouch directly into the river; but even then gravel is not found it . ae 
bp 
\ngeles- extended sheets. During floods, the river has sufficient velocity to transport 
leration any gravel | or small boulders which may enter it from a wash ; and successive — 
is pred- - floods cause a wide distribution of this débris._ Such gravel beds as are found © j 
‘the Colorado River occur in lenses or in long trains of coarse material 
Proceedings, Am. Soc. C. E., April, 1928, Papers and Discussions, p. 1118. 
“Filtration of Public Water Supplies,” by Allen Hazen, M. Am. Soc. C. i 
mie ; ge “Silt in the Colorado River,” by Samuel’ Fortier, M. Am. Soc. C. E., and Harry Fr al 


Blaney, Assoc. M. Am. Soc. C. E., 2, Peehnions Bulletin No. 67, U. S. Bureau of Public Roads. 


Loe. cit., 73, Table 51. 


de As it is unlikely that an infiltration canal of sufficient capacity t to serv the 16 
proposed Los Angeles. Aqueduct will be feasible, the intake structure must 
include some desilting device. ‘The most successful desilting | structure on the 
_ Lower Colorado is the settling channel and sluice-w ay at Laguna Dam. A 
diversion w eir raises the level of the river about 1 10 ft. _ The settling basin is” 
as 650 ft. long, with a cross- -section 126 ft. , wide | at the top, 116 ft. at the b bottom, | 


and 18 ft. deep. At its down-stream end are three sluice- -way openings, 33 ft. 
wide, controlled by Stoney roller gates. Water is skimmed from the surface 
_ of the settling channel through a gate v with thirty-five 74- ft. openings: regulated 


a Once a week, the sluice- “gates are opened, and the silt which has accumu-— 


ited in the settling channel is sluiced back into the riv er below the Laguna 
Dam. ‘The settling channel i is € effective i in all the bed silt and 
% of the suspended silt in the r 


The site of ‘the proposed intake for ‘the Los Angles Aqueduct is mot 


fi for 


in any ‘te sluicing purposes could developed with pumps. 
_ However, unless the fluctuations i in discharge are to be controlled completely 


by the construction of the Boulder Canyon Reservoir, some form of. diversion 
. structure will be necessary The experience of the Imperial Irrigation Dis- 
trict with -rock-fill dams across the Colorado shows that a much cheaper 


nin than the Laguna Dam, such as that closing the Bee River channel ti 


| 
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y 
= 


will serve this purpose, provided there is ample spillwa ay capacity to prevent 


4 a The settling channel for the proposed aqueduct should be design ed to reduce 
the velocity in this basin to less than 4 ft. per sec. ; and the the ‘gates control- 

_ ling the flow to the aqueduct should be of such capacity that o only ‘the surface 

water between ¢ 6 in. 1 ft. in depth will be skimmed from the settling 


channel. Some device other than flash should provide regulation ind 


. flow. Iti is surely not bey ond the ingenuity of engineers t to design a skimming 


gate that will be tighter than a flash- -board structure. ‘At ‘Laguna ‘Dam, it 
has been found that some of the silt which enters the canal leaks through and 
the flash-boards, and ‘that ; more silt than i is actually suspended in ‘the 


surface water of the settling | basin flows into the canal through - the boards and > 
byt reason of 1 ver tical currents that form along the face of the regulating gates. 


Laboratory studies of the control of these vertical currents and of the design | 


ae of a form of hinged gate that would replace the crude flash- boards i is warranted 
fora project c of the ‘magnitude of the Los Angeles’ Aqu educt. 
he _ The / quantity of silt carried by the Lower Colorado River varies with the 
discharge. At the lower end of the canyons 0. 86%, by volume, is an average. 


would mean transporting © 
nearly 10 000 acre- of ‘silt each ‘year. Unless. this silt removed at the 


intake, its: ‘deposition in storage reservoirs along the route of the aqueduct 


Ww would rapidly diminish their capacity. 


we “A River Diversion « on | the Delta of the Colorado,” by S. L. Rothery, M. Am. Soc. By 
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_ ENTEN ENMAN ON TRANS- MOUNTAIN V WAT ER DIVERSIONS 
s silt should be removed at the for another reaso abrasive 
“nature is destructive of the working | parts of 1 pumps. More than 70% is silica, 7 
and i its exceeding fineness permits its penetrating close spaces. ordinary 
centrifugal pump will have its bearings ground out in a month’s or ax weeks’ eks’ 4 
operation. ‘Pumps are made with outboard bearings” to ‘meet problem, 
but the: the runners and | shell w ear rapidly, especially — w when n operated ai at high —_ 
If the head for sluicing purposes is developed with pumps instead of with 
a diversion dam, such ‘pumps would have to handle silty” water. However, 
lift would be comparatively low, : and large- rge-capacity, low-lift the 
propeller type have handled Colorado | River water without excessive wear: 
That settling channels are completely successful for the removal of silt has 
been demonstrated on a small scale in the water- -works plant at Calexico, Calif. 
a. Any study of the silt problem of the Colorado as it affects a domestic supply 
for Los Angeles, Calif., as well as the irrigation tho: lower river, 
emphasizes the importance of constructing some desilting structure in the 
_ canyons of ‘the : river. The most recent computations of the quantity of silt 
transported + to the end of the canyon section are those of Fortier and Blaney 
who estimate that 137 000 acre- -ft. reach the lower river annually.* They 
sion 8 conclude that: “The most feasible end economical means of solving the silt 


, ‘Dis- ; problem * * * is to impound the river silt behind a high dam, such as is 
eaper > 


ne Proposed at Boulder Canyon.” 
ane T 


Technical Bulletin No. 67, ‘U. Ss. Bureau of Public Roads, 
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PAPERS AND DISCUSSIONS 


cre This Society is not responsible for any statement made or opinion expressed — 


OF THE [E METROPOLIT, TAN 
Discussion* 


Muze, Jr. + Assoc. Soc. C. E. (by letter). ¢—The prob- 


lem of ‘suburban pias in the Metropolitan. District of New York: City is 
twofold. it involves, first, the transportation of residents of suburban com- 
munities to Manhattan Island; and, second, their distribution a after arrival. 
At present, these functions are being» performed by separate agencies. 7 ‘The 
4 railroads bring their passengers to terminals on or close to Manhattan Island, 7 
4 and the local transportation agencies distribute them to ‘their ultimate | > desti- _— 
“nations. Proposals have been made from time to time that both functions 
be: by the ‘suburban transit agencies by extending their 
lines through the heart of Manhattan, _ thus relieving the local transit facil- 
ities of this burden. plan of this kind is suggested by the author. Undoubt- 
edly, this plan has a number of advantages, but it has also some decided disad- 
vantages, ‘particularly as applied to the suburban district of Northern New 


scattered character of the ‘residential districts in North Jersey and 
the dive versity of locations of places of business in New York City makes iv 


“practically impossible to devise a system whereby one can the trip 
from one’s home. to one’s place of business in a single ve vehicle. ‘The existing 


suburban steam railroad lines j in New Jersey have seventeen distinet branches, ; 


requiring individual train service. On account: of the length of these 


2 the seventeen now has two or three or ‘sometimes four classes” of 


trains—loeal, express, and semi- express, or trains: running express on th 


an This discussion (of the paper by Francis Lee Stuart, M. Am. Soc. C. E., published a 
ot “May. 1928, Proceedings, and presented at the meeting of September 5, 1928), is printed = : 
y Proceedings in order that the views exprasped aw be iaiddieta before all earned for further | 
‘and Associate Editor, ‘Rathoay Journal, New York, 
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outer or end of the: line and local nearer 


rs. 


por local, ‘then at ‘thirty- y-four ‘different kinds of trains w have to be 


run over the dibtrieating system on | Manhattan Island | to give e through s service 


“to each 


inv olved in complicated operation of this. kind are Moreover, they 
are unavoidable i in any system that att attempts to collect passengers from widely 


seattered residential districts, transport them to Manhattan, and distribute 
them over an area 4 ‘miles long and 2 miles wide. > Tt seems unlikely that — 
transit system can be built both to , collect and distribute the traffic between 


New York City and Northern New Jersey, 
of the | ‘New Jersey | thelt destinations in New 


York City is a complicated problem in itself. Investigations by the North 


‘Transit Commission show that about 240 000 passengers daily orig: 


inate, or are delivered by the railroads, at points on the New Jersey side below : 


the line of 42d Street, Ne ew York. Of these, approximately 60 000 ‘desire to 
reach destinations north of 494 Street. Conversely, of 42 000 who originate 


‘ 
7 _ north of of this line on the New Jersey side, nearly 30.000 are bound for points 


in down- town Manhattan. In general I, they cross ‘the. river on east west 


dines” and complete their journeys by using ‘north and south routes in New 
York City. ‘Fig. shows the volume and direction of passenger movement 


across the Hudson River in ‘straight lines from point of origin to destination, 
and Fig. 2 shows the routes actually followed.* 


From a study of these charts" it is evident ‘that a majority of the New 


Jersey commuters are following indirect and inconvenient routes’ to reach — 


their destinations. It is evider nt also that the of desired ‘movement are 


4 


EDGEWATER 
lin Camsina Ow 


to accommodate them al, 


A study of Fig. showi ing the of from 


poi of origin» ‘to point destination, however, suggests a possible solution 
of the problem. It will be seen that nearly all these lines ‘cross the Hudson 

River diagonally. Only one type of transportation facility does that, or | can - 
do it. This facility is the humble, old-fashioned ferry. Despite a more or less" 
general impression that ferries are obsolete as a hermirert to passenger trans 


‘portation, there is reason to believe, as. the w vriter state di na recent article 


Paradoxical though it the building: of the Holland Vehicular 
7 7 ‘unnel between New ‘York and New J jersey really has created a new oppor- 


_ tunity for the Hudson River ferries. * In the past, these ferries have been 
= operated ‘primarily for the accommodation of vehicular traffic. Passenger — 


has been a ‘secondary consideration. the tunnel has taken 
away a substantial part of the vehicular traffic from the ferries, and a enuine 


opportunity exists to remodel the ferry service to provide rapid and convenient 


_ * Based on data of the North Jers 
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Development of diagonal ferry routes, following closely the lines of desired 


movement, would provide more direct and convenient service than now exists. 


‘The “cost would be only a small fraction of "that of a a distributing agency 


7 % ony ‘hain tunnels and br idges. ~ About 4 000 ferry trips per day could be made 


mate of the cost , of the New J jersey Section of the system he recommends, it 


is) certain that it would equal hundreds of millions. 
“§ Pe ‘The impression that ferries are obsolete probably is due to the fact that the 


4% present equipment and methods o of f operation are out of ~ rather t than to any 


x 


inherent ‘shortcoming in water “transportation service. Ing ‘spite of obsolete 


‘the North Jersey Transit Commission. While Mr. ‘Stuart gives no esti- 


of other means of ‘making similar trips. “The history of the East River 
ferries* shows that passengers do not prefer br bridges and tunnels unless 

really are more convenient. Tf methods and equipment were e modernized it 


ow be possible to utilize the Hudson River effectively e every day for the 
tr ansportation, of many thousands of New Jersey commuters. 


" as No serious physical obstacles lie i in the way of f such ferry operation. Na Nature 


‘Se provided the right of way. Personal observations extending over a a period 


of several years have convinced the writer that it is by n no means overcrowded 
with other shipping. — Sufficient | docking facilities on the New Jersey side are 
already i in ‘existence or could be arranged without difficulty. Docking facil- 


7 ities on the New York. side, would be more expensive, but would be easy to 


to operate than those now used. Interruptions to service due to fogs or ice are 


4 expensive to build and d operate. | Modern boats would be. considerably cheaper 
aoa “~ no more frequent than 1 those to which other transportation agencies are subject. 
8a Probably the most ‘aweful diagonal | ferry routes w ould be ones that would 
aa ‘connect the Erie and Lackawanna Railroads on the New Jersey, side with ‘the 
Street 42d Street Districts of New York City. would permit 

many thousands. of ‘commuters von make their north and south journeys on the 
ote broad surface of the Hudson River rather than within the narrow confines of 
crowded subways . East and west 1 transit facilities in Manhattan, which are 
a be ot overcrowded, could be used when n necessary for the completion of the trip. 
s ae The time ‘required for such a journey with modern boats: efficiently operated 
eee would be- about the same as that required wi the same trip by under- -river 
This ian is not. suggested a complete solution: transportation 
problem: of the North Jersey “suburban territory. is suggested rather as an 
immediate, practical, and economical \ way to ) improve existing facilities 
—s eb. ‘Whatever the ultimate solution of the problem may be, its execution . will be 
a matter of years. — _ Improvement ¢ of ferry service offers a remedy 1 that can be 


* “Certain Effects of on Transit Conditions,”’ tis John Miller, Jr. 
M. Am. Soc. Cc. E., 


a 


for less than the m« mere interest ‘on the eost of the distribution system m proposed 


obtain. _ A trip along the w water front discloses a substantial amount of dock 
that is used very ‘little. boats themselves are not inordinately | 
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ON METROPOLITAN DISTRICT SUBURBAN TRANSIT 


Turner,* M. Am. Soc. —The author is render- 
ing a great public : service in interesting hese in this Way in the New York e 


4 


solution of the problem. Stuart has appeared before the Boa rd, at its 


which are are being carefully considered at every phase of its studies. tone 


| invitation, and has s given it the benefit of his large” experience and his views, 7 


an As a member of the Board and from the point ‘of view of that. body, it 


would be premature and ill-advised for the writer to express any ‘personal — 
opinions at time as to how the New York suburban transit problem 


should be dealt w ith. The Board is studying the problem intensively and in 


due course hopes to present a satisfactory solution, but it has not yet reached | 
any conclusions that can be presented publicly. 


As Mr. ‘Stuart, has stated,t approximately, 40% of all the steam ‘railroad 
passengers earried in the United States originate within about 40 miles of the 
City | Hall in Manhattan. | In other words, the yearly railroad passenger traffic | 


to 


to and from the terminals in the New York Metropolitan District in 1926 


amounted approximately to 360000000 ‘passengers as compared with nearly. 


900 ( 000 000, passengers ¢ carried i in the United States during that year. Reins ae 


— the average journey per passenger on all the railroads i in the country in — 


1926 was about 41 miles, which means that the average steam railroad pas- 7 

senger throughout the United | States only rides far enough to carry him 
the center to the limits of the New York Metropolitan District . These 
“figures give some idea of the magnitude of ‘the problem, but more important 
still is the ratio of the commuters to the total | in the 


- 


In 1925, in Jersey Sector of the District, was. estimated. that 


about 165 000 000 out of a total of 204 000 000 passengers were commuters ;_ - 


that i is, about 81% of the annual passenger traffic on the ih AEA in the New 
Jersey Sector were regular riders from home to work and back again day by 
day and month by. month, throughout the year, at something less than, the , 


regular one-way fare. In the Westchester Sector 67% of the pass sengers were 
commuters and, in the Long Island Sector, 78 per cent. Altogether, approxi- a 


mately 284 000 000, out of the 360.000 000 passengers, or 78% of the total rail- 


PREP 


road passengers in the District in 1926 were commuters. — ‘ These last ——_. 


show how vital the suburban transit problem is to the ‘steam railroads serving | 
‘the Metropolitan Area. ' The proper | solution of the problem is essential, to 
their welfare, and the problem “cannot be “adequately solved. without. their 
te At the outset the Board recognized that there were three sections. in the — 
suburban region around New York City—the Long Island Section, the West- 
chester Section, and the New Jersey Section—and that the problem i is different 
in each and requires a different local solution. bis Therefore, the Board - is — 


ceeding from sdhesh local to the general solution of the = thereby recogniz-— 


ark 


_ Proceedings, Am. Soc. E., May, 1928, Papers and 1301. 


suburban transit problem. The Suburban. Transit Engineering Board greatly a 
haves the efforts he has made, and is ; making, ij in helping to find a proper > 4 
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ing the desirability ¢ of securing the best local solution as a pritiary considera- 


, | _ tion. Consequently, the local conditions and needs in ‘each section are being 


‘satisfactory, to that section. . On the other hand all t the sectional plans must 
have one e feature in common; that is, the delivers ery part of the : system - in “Man- 
nattan. In other words, in addition to the lines traversing the suburban area, 


cach | local system must be provided with a subway system which must be -con- 


under the streets of Manhattan to deliver the eity-bound suburban 
: “passengers to their city destinations, whether such passengers come from 
Long Island, Westchester, or New Jersey. After the proper local plans hav e 
been developed, they will be co-ordinated at the center ” far as s practicable. 
Into a single unified Manhattan ‘delivery subway which’ will serve al 


= ‘studied separately and intensively in order to produce a plan that will 


in unified delivery system in Manhattan are 


- talineadaasadi afford | an easy means for passengers to interchange from the 
_ a of one local system to those of another local system, and 1 thus make 
all sections of the region conveniently accessible to each other. 
Tt will avoid duplicating the delivery subways in Manhattan for the 
_ separate use of each local system, thus reducing the subway mileage and 


_ The make- ‘sips the Suburban Board is well adapted to develop a a plan in 


G the way described. I In the first place, the personnel of the Board not only 


representatives of all the public "agencies interested in the suburban 
transit problem, but it also includes re repr resentatives of all the railroads affected. 
For example, New York City is represented by the Chief Engineer of F the 


Board Transportation ; Westchester County, ‘its County Engineer; 


oN assau County, by its County Engineer; Suffolk County, by its County Super- 
intendent of Highways; New Jersey, by the Consulting Engineer of its North | 
es: 


_ Jersey Transit Commission ; the Port of New York Authority, by its Deputy 
Manager; the New York Central, the New York, New Haven and Hartford, 


and the New York, Western Railroads, by the Engineering 
Assistant to President of the New York Central ‘Lawes; ; the Erie, the 
- Delaware, Lackawanna and Western, and the Lehigh Valley Railroads, by 
the Vice- President. and Chief Engineer of the Erie System; ; and ‘the Penn- ; 
BS ney the Central of New Jersey, the Long Island, a bia nd the Baltimore and 
_ Ohio Railroads, by the General Manager of the Eastern Region of the Penn- 


_ Each of these | Board menibers was officially 


feature ‘of the Board. is first” time that 
ne railroads have officially participated i in solving the suburban transit problem, 


which affects them just as vitally as it does the public. In this respect, the 


assigned to a committee of the Board composed of those members specifically 


ee In the second | place, the preparation of a plan for each section has been 
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4 | charged with r repeating ng such 8 section, in order that they may produce plans © 


which will best serve their sections | locally. : In this way the greatest degree — 
of local independence is secured to each suburban section in developing its 


own plan. In effect, this means that within ‘the Suburban Board ‘there _ 


really three independent local boards functioning, each dealing. -with its own > 
suburban problem. To illustrate, take Long Island as an example. 1 There 


a a Long Island Committee working | out the plans Ses! Tong Island, consisting of | 


con- 
the County Engineer of ‘Nassau, the County Superintendent of Highways 
from of Suffolk, ‘the Chief Engineer of the of ‘Transportation, the General 
have Manager ‘of the Eastern F Region | of ‘the Pennsylvania Railroad, and the Chair- 
icable ‘man, Vice- Chairman, a and Secretary of ‘te Sede Board as ex officio 
ve all members. Similar committees. are developing plans for Westchester and 
North Jersey. The problem has never been in this way before. 
n are ~ As soon as the local committees have developed the plans that will erve — 
their suburban areas best, and will furnish their several groups of passengers 
with a proper delivery subway ay system. in . Manhattan, then the whole Suburban 
make Board, from the regional point of view particularly, will co- -ordinate the sev- 
eral subways i in Manhattan into a ‘a system, already described. me 
d al This ‘method of producing a comprehensive suburban transit plan prevents 7 
- § one ‘section from securing advantages ¢ at the « expense of the others. It reduces 
a minimum the danger of developing an unbalanced plan. It means” that 
the problem will be visualized from the ‘standpoint of the needs of each 
an 
suburban area as well as from that of the entire region; ; and, finally, it seems 
nw to insure a plan that that will be well thought out, comprehensive in in scope, capable — 
eoted, of being harmoniously related to the existing railroads, relatively economical — 
of the construct and operate, and adapted to both local and regional suburban 
Super- 4 Witson,* Assoc. M. Am. Soc. C. E. (by letter).+—This paper is all 
North too brief, but, fortunately, it is very pithy. The author has deftly located and © 
Deputy charted all the important high spots in his rapid flight through this transit 
rtford, “fog”. Tt remains for those who follow to * ‘get down to cases” and see if it 
is practical to construct a a right: of way along the ‘ ‘trail” he blazes. wiih, 
ie, the § a By virtue of his connection with the Port of New York Authority, the = 
ads, by writer has been giving considerable thought to this particular question 4 
peg oe h th k of the so-called Suburban T E a 
Penn- connection wit the work o e so-ca urban ransit ngineering 
yre and Board. This Board is ‘comprised of representatives of Northern New Jersey, — 
,Penn- estchester, Nassau, and | Suffolk Counties, New ¥ York, the City of New ‘York, ‘4 
3 
nat call: the railroads, and the Port Authority, and was as created in “response toa 4 _— 
‘ 
rerested legislative request that the Port Authority undertake ‘a study of ‘ways and 
is an ‘Means for improving § suburban transit conditions—more_ familiarly known 
hat the as the e commuter problem. | ‘The Board has been functioning for about : a year. 
roblem, W ith the -eordial co- operation and assistance of all the carriers, it has 
ect, the collected and analyzed very valuable statistics on the commuter traffic which | 
focuses_on Manhattan Island. The Board has the 1 
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dera- 
ll be 4 
must 
Man- 
area, 


: students, as the author, to whom it feels 


"Suburban t transit is hens considered as distinct from ‘the urban or intra- 

problem. About 500 000 persons daily use the railroads of this Port Dis- 


trict in making a wound to. from New. York: City. For 


of a transit line pa two » blocks country. home 
and proceeding without further stop to Island and. thence via 


Broadway subway between the ‘Times Square theatre district and W 


Street to a ‘single stop. near his office. 


tis necessary to get a picture of the actual distribution of this commuter 


ima in Manhattan in order to prov ide means for t pcrad care of it — 
it is not possible to conti de in 


the city subway system. 


__ Preliminary analyses of the passenger ‘bait at the Pennsylv ania Station 
and Grand Central Terminal show that, somewhat more than 80% of the 


commuters either w alk or use the city ‘subways to reach their destinations 


Manhattan. (The walking habit “appears to” be more pronounced : among the 
Long Island commuters than among the Westchester commuters). This shows 


pil 


two things: : First, that. if a suburban. transit terminal facility is placed 

“4 within reasonable w valking distance, the Commuter will walk to and from his” 

place of business ; and, second, that the intra- city subway lines are called upon 

Zz to handle « a heavy morning and ¢ evening concentration of short- haul traffic on 

the” ‘densest portions ‘of their systems. In 1927, according to the Transit 

- Commission, subway travel ir in New York Cit City increased a at the rate of one 


riders 1 per day throughout the entire year—an appalling rate of growth. ae 
Another important fact is the — of’ location of ‘transit and terminal 


or on Long Island which can be’ reached by the west side subway and the 


Long Island Railroad. — Conversely, a commuter in business on the east side ; 
ois more apt to live in Westchester ‘County. i} The Suburban ‘Transit Engi- 
neering Board has data to show that the commuter traffic of the Pennsylvania 
- Station and Grand Central Terminal is, in total, about equally divided | east: 
and west of Broadway, but | that the majority of the Pennsylvania Station 
commuters have their places” of business west of Broadway, whereas 
‘about one-third of. those ‘using the Grand Central Terminal go_ in that 


Tt i is premature at this time ‘to ‘make any concrete sug gestions for solving 


this: problem since the studies now under way are proceeding on a scientific 


= basis toward that end . The writer agrees with Mr. Stuart* that there must 


a distribution system ‘separate and distinct from the « city 
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on. the west side of Manhittan ie ‘more apt to in Jersey 
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He is not prepared, how ever, to st that such a 
- distribution ystem should operate in and through Manhattan without transfer. | + 
’ See must be made with all the steam railroads, but whether 


these connections should be e transfer stations or swite h connections for the 


operation ‘through problems that r require considerable further 

The cost of new facilities Manhattan Island, as Mr. . Stuart states,* 


be tremendous. is: serious economic question to whether the 


two- hour morning and ev yening commuter traffic can and should bear 
entire cost. It might be -well to consider other possible sources revenue 
Pras 


in off hours as mail, e “express, ‘package freight, and. long- distance ‘pes 


~The ‘principal problem i in connection with this whole. le question will be one 7 
of finance. In this there is room for: all interested : agencies to help. ey is 
quite possible that the Port of New York Authority could be of. ‘material: 


assistance | in ‘this financing program which, in turn, depends upon the amount — 
of traffic and the additional fare to be ‘chergeds: ' The latter is more or or less 
limited by what the commuter will pay for the privilege of abandoning present | 
the commuter, as the principal beneficiary, should bear the major 
= of the cost, the City and the » surrounding counties can assist either by | 
remission | n of. urban taxes or by ‘suburban benefit assessments. City 


obtains improved transit service through “the ‘relief accorded its own lines, 


= 


and the counties obtain a suburban: transit system that will attract more and 


more population with the normal resulting Benefits, 

complexity of the suburban transit problem of the Metropolitan Dis- 
tr ict is apparent if from no other viewpoint than the numerous social, a | 
‘midal: and political units involved. The first thing that is needed is a prac. 


tical phy sical Such a evolved and acceptable to all: interests 


FRED Lavis, M. Am. ‘Soo. ©. (by etter). +—This is 


“most complete exposition of the essentials of the New York commuter pibhtnn 


which it is possible to present in such a short space. The ramifications and 


details of the ‘subject are almost infinite, but w ith the main ¢ outline as thus 


i 
presented there can be little disagreement ; nor, in the estimation of the writer, 


can there be to the main outlines of the solution which the 


the 
i author proposes, in so far as this relates to the essential features of the con- 


struction in New York City ‘and the lines in New Je ersey, West- 
The importance of, the problem i is not in 
1) 


“indifference or ignorance of most of those concerned, ‘hetet’ it’ be that of oa 
Government officials charged with the welfare’ of the people, the transportation 


* Proceedings, Am. Soe. B. , May, 1928, Papers and Discussions, p. 1393. 
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agencies charged with the e duties of moving them from place to place as they, = 
‘the people, desire, or the people themselves. author does well to empha-— 
: the magnitude and importance of the problem a nd to strip this to its bare — 


essentials 1 order to try t to bring tl those who should be interested to a realiza- 
ABS to his general scheme for construction, ‘it follows more or less the ee 
‘proposed by Daniel L. _ Turner, M. Am. Soe. C. E., for the New York Transit 
Commission several ye: years ago, and while, in general, Mr. Stuart ve very wisely 
| avoids details of location, he does rather commit himself to the proposed 57th 
Street ] Bridge.* > There seems to the writer to be several very serious objections 


to this, but it a of the plan which does not affect its fundamental 

_ ty ~The question of finance is one of the utmost difficulty, far more so than 7 
_ the solution of the engineering problems which h must be approached from the | 7 
highest and. broadest points of view; that i is, not merely as to the develop- 


ment of details « of construction, but from the view bes in 


of 


hi 
7 Westchester ‘Transit Commission, 1926, w which p pro-— 
posed the construction of an independent subway 138th Street to Lower Bis 


od Briefly and generally, the Commission’s thesis was that there were, | \ 
Pee 1925, approximately 40 000 0 000 commuters arriving a at or leaving the ‘Grand | 
a in the future, _ corresponding | to the completion of certain sections of th the sub- 7 
way proposed, this figure would | be imereased 70000 000 and later to 


It was assumed that with this number of passengers (70000000 
100 000 000) a 10-cent increase in fare would produce additional revenue 
sufficient to pay the interest and amortization on the $150 000 000 which the 
subway would cost. The calculations, however, ignored completely the prob- 
ability that the e New York Central and the New York, New Haven and Hart- 


Central Station yearly, from n points i in Westchester, and that by certain 1 dates 
ford Railroads—on their existing lines and with their present facilities—could a in 


continue for some time to take care of as many \ ‘commuters as they do to-day, 
AF 


a and even though their through traffic should increase they could still probably 
ae take | care of 30 000 000 to 35 000 000 per year for n many years to come, thus — : 


wire 


materially pel the ‘number which it was estimated would use the new 


7 


The financial problem is al also made difficult by the fact” that any eler 
commuter facilities in New York City would only be intensively used during @ cap 


rush hours ; that is, at the most, 3 or 4 hours per day. Experience 


at facilities o 


Tt be remembered, also, in this outside the 
_ there is already | a tendency for ; people living in the suburbs to use buses, and — 


practice seems ‘much more increase than diminish. 
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author also assu 


least t of fai fairness—on the part of the or r rate-making but. 
even where New York + City 1 is a partner in the ¢ enterprise it seems to be entirely 
_ indifferent to the economic aspects of this tremendous problem | ‘and seems to 
- look at it entirely from a political point of view. It would seem to the writer - 
7 that: the author is ‘unduly optimistic in his estimate of the attitude of the 
7 regulatory | bodies and the ability to obtain the money for such an enterprise 
C entirely from private sources. — qt is thought, therefore, that the State, the = 
counties, the municipalities, and. the railroads should all be partners | ‘in the 
| enterprise, the Governmental authorities supplying a reasonable proportion y 


the basic funds, the remainder from | private finance to have a prior lien on the ~ a 


These difficulties of finance are stressed, not not because they are insuperable, 


but because they are a further illustration as the author - emphasizes, that this 
problem is of:very great magnitude, and can not be solved by any | individual, 
ality or section, but requires for its solution the utmost ability of a body — 


of specially trained “engineers, lawyers, financiers, and business men, of the 
highest: caliber and broadest t experience, acting with authority and backed by 
i The difficulties developed by the plan of the Westchester Transit Con 


ee a very pertinent illustration of the practical impossibility of 
obtaining a solution of this problem by individual effort, even though | this his be 
as important as that of the of | Westchester, 
Gustav LINDENTHAL, M. AM. Soc. C. —The outline of a comprehensive 


system» of ‘suburban transit for the Metropolitan District has been given by i 
the author, the | essential feature of which is the entrance of the different rails 


avoid interference with the already existing or wre transit 


tubes, these suburban transit tunnels would § go down to a low level and would 
have no direct connection with rapid transit tracks. tunnels are feasible 
in the Metropolitan | Area because of the underlying rock formation, except — 


: beneath the Hudson River, where the rock is from 200 to 350 ft. deep, over- = 
forming the bed of ‘the river 40 to 60 


it 


elevators. Stairways would be only for emergency use. With large’ elevator 
‘capacity, y, trains and platforms ¢ can be emptied and loaded in the shortest 
practicable time. The cost of ‘Operating | large” and swift elevators is” only 
fraction of. a cent passenger. The exertion of climbing stairways would 
be spared the passengers—and this in itself would certainly be a boon to chil- 


deep to the streets and to the to be 


‘the deep the network for this suburban transit can be arranged 
without great difficulty, sO that all the railroads entering the 4 
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shall connected one with the other for ‘the interchange. of 


The bridge proposed :at Street} will form an 


‘suburban railroad system, although it will have. to clear the river at a height — 


7 Ly of about 175 ft. River: ‘tunnels, like those of the ‘Pennsylvania Railroad for 


ears of standard size, would ‘cost from 100 to 150% more per track than i. | 


‘multiple- track br idge, as designed for the 57th Street « crossing. ‘att cylositir 
att Lanes for vehicle traffic are also cheaper over bridges than through river _ : 

7 tunnels, in the proportion of 1 to 2. To the greater cost of construction of 
vehicular tunnels must be added the of but. 


ia Jersey ‘side, it wi 


can. readily be connected | with 


_ tumnels extending south to a point near the Battery and thence under ie 
j 


nection in Manhattan for all ‘railroads i in New Jersey and also for those | 


river into New J ersey. Tunnels and bridge would thus furnish a loop con- 


‘ Ba from the north and now terminating. in the Grand Central Station. - 


‘suburban system could thus give continuous train service day and 4 


ight on all the railroads: to a distance of 25 or 30 miles out from — : 


f Manhattan. There would be transfer s stations at suitable | points. to the 


y lines in every of the Metropolitan District. 

od The principle on which Mr. Stuart insists,” that of keeping the suburban 
system separate from the rapid transit sy is important and necessary 
for obtaining the. greatest. economy operation simultaneously | with the 


greatest rapidity | of train movement. biebart- 4 


cheapening of electrical power now possible through combination and 


for. light, transportation, 


should. participate. After a study of all the 
+o factors" of this. plan,. the speaker is of the opinion that a combination of 
the railroads” would make the use of public, credit unnecessary, but friendly 


and helpful co- of the authorities i is fare to be 
= ase 

cost: of construction and: all other legitimate charges. 
A thoroughly developed financial plan is as necessary as a complete construc- 


tion and operating plan. The author’s. paper—short it is—gives a sufi- 


ES E VAN M. Am. Soc. C : Iti is certainly a very notable 


when an engineer of” Mr. Stuart’s dwlédge and experience presents a 
paper: aytiot 


paper on an important and has “courage to ‘offer: a solution 
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of the complex problems involved in New Y ork. traffic. Any one who has 
‘spent several years, as the “speaker | has done, studying these problems, 

ret alize that. it is alm undertaking to solve 
| aie od 
defined by the Port Authority, the: Area_ has 


‘fiend 10 000 000 people in it; and it will be only a few decades before — 


there will be. “population of 20 000 000° in a new and) somewhat larger 
‘Metropolitan ‘Area. a great percentage of these ‘people must be taken 


eare on Manhattan Island almost daily, | it me ‘an absolutely 


Tn traveling over the Mettopolitan District, | one becomes immediately im- 


pressed with the fact that the city is separating into districts where. there are z 
factories” and business centers, so that the people ean live near their work, 
and will come to > Manhattan only when they desire to see. the “White Lights” | 

Broadwa y. The speaker believ 


ten years will change the whole _ problem, the “transportation 


o _ facilities will not have to take care Ff nearly as many people on Manhattan 


in ‘an article in 


‘dain: Me. ‘Henry Ford, soon after that, adopted the same idea ; and Detroit, 
perhaps more than any other, city, is widely separating its industries, to avoid 


traffic congestion as. there now is, in New York City. 
Stuart’ 's plan ‘might, solve the problem, but, there is sO much to 
said, for the plan, of dividing the, trafic in New Jersey and delivering itt to 
- Manhattan through the subways, as against bri inging it all ACTOS to ter minal 
“ete and separating it there, that only an engineering commission, _ after, 
study, can determine exactly ; what is best. 
The traffic yolume and congestion, is well illustrated by the money 
n in New York. Some years. ago the Federal Reserve Bank System | was, 


adopted. Every one said “that is going to solve the Now, there are 
’ such vast sums handled ona in Wall Street and other business center 8, that ate, 


speaker that much of the traffic in New York must be on 1 the 
mi of f the streets. To m make this possible, and to do away with much of the 

congestions in the “subways, the street ¢ cars and tracks should be eliminated 

entirely an and numerous modern and large buses put into service. seems 
to the speaker that only by such co- -ordination, and change i in the = 

» and routing of traffic, can the : surface trafic be taken care of in the future 

~ Much o of the th rough’ traffic can be taken around Manhattan, a as_ s will be the 


case whe the 178th | treet and the Bridge a are ‘completed. 


n 


a CO- | co-ordination of ‘all different factors, It is evident to ‘the 
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will be needed very shortly one~ -way streets north and ‘south ‘on 
.g; Manhattan. That is, ‘Broadway | and Fifth Avenue, perhaps, w will be one- way > 
south in the morning, and » the “opposite way north at night, with probably — 


every other street two-way in order to make possible the right and left turns. 


‘The speaker does not believe that the railroads w will take part in such a 
plan as Mr. Stuart has discussed. The only hope of doing it 
. i likely be by means of a private corporation, after comprehensive 


are available, which will demonstrate that the plan will 
rt The ‘speaker has recently studied the surface transportation | and has made 


: a 4 report on ‘bus transportation lines, and also on some terminal propositions, 


; that the costs develop into ‘such tremendous figures that it is ¢ almost — 


s put 


One of the things that will Island is the West Side. 


have to be put in service on the East Side, and } possibly something like the 

_ Henken plan, with an express roadway and 1 rapid transit combin ed, | for the 


whole length of Manhattan Island and Greater New York, might prove 


, admirable if it can be financed; but for anything to be e financed, ¢ data must be a 


placed before the bankers to” show that it will pay, and ] 
bothered unduly by legislation. _ Financiers” are becoming wary of anything 


in the transportation: line that can be hampered by polities. 
(i cists 


express: highway which is now being started. Some such highway will soon 


a) 


" we It seems that a comprehensive plan must. come about through tins th 


~ commission appointed, and seeing that engineers are put on the commission 
to study all phases of the problem, it is not likely that the problem will be 
solved. One can guarantee, by looking over the faces in the subway and on 

a the elevated, 1 that 90% of the people do not think a ‘solitary, ‘thing about the 
fundamental principles of transportation. They simply p pay their nickels 
to get their rides to where they want to go, and they do not know how it is 
done a or why it is done. ‘The 1 masses do not think logically about it; but it is a 

the business of the engineer to | get them to see it rightly, and it is the busi- . 


ness of the Society to take the lead in ca tremendous problem of sien the 


organization as the Society ; and» until the Society, takes the lead in getting a_ 
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EF FE CT OF F EZ ‘AR TH SHOC! KS ON STRUCTURES = 


Discussion* 


= By) y Ruvowr BrIskE, H arrY O. Woon, anp R. Maret. 


wl Dr. Inc. Ruvour Brisket (by letter). he question as to what move movements 

we experienced by a structure during an earthquake can be best. studied by a 
taking a mathematically simple ¢ case, namely, the vibration phenomena in a a 
vertical free beam , considered ¢ as without weight and firmly fastened “itis < 


with a horizontal shaking motion of ‘the earth. 


The ‘maximum deflection, y be found 


in which, the vibration period, T’, of the load, is: 


and ¢ e is the amplitude of the of free oscillation. 
ye Fig. 12° shows the influence of the change in the ratio of the vibration ep: 
period, to the earthquake period, T. results ‘are made approximately 
applicable to st structures that vibrate 1 under their own | _ weight, _ by ‘substituting 
for the structure a rod | of two- -thirds the height of the structure, with a single | 
Toad at the top corresponding to the w weight of the rod. 


._ *This discussion (of the paper by M. de Bussy, Esq., aaibieaael in May, 1928, Proceed- 
ings but not presented at any meeting), is printed in Proceedings in order that the views 
€xpressed may be brought before all members for further discussion. 
t Received by the Secretary, August 31, 


a § “Die Erdbebensicherheit von Bauwerken,” von Rudolf Verlag Wilhelm Ernst & 
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BRISKE BRISKE ON EFF ECT OF EARTH SHOCKS ON (STRUCTURES 
eile: longer er. As is shown by measurements and calculations, t the 


natural vibrations of structures at most are only small fractions of a second; 
- only very high chimneys, very ‘slender towers, and buildings with high slim 


columns without stiffening show natural periods of more thani1 sec. 

Fig. 12.—Tue oF A CHANGE IN THE Ratio, ases 1 


ee to Bn this (see Fig. 12 (a)) the basis of the calculation; that is, consider a 
7 haa a to-and-fro motion of the : structure that i in itself i is rigid, and apply the usual that x 
of calculation to. combine the horizontal. supplementary forces with tionabl 


: -3 the vertical forces in the same ratio as the horizontal earthquake accelera- ponent 


bears: to the vertical a acceleration of gravity. The destruction phenomena Furthe 
7 tr in the great earthquake i in Japan i in 1923 a nd. (so far as the writer knows) i ne cu, 
all other destructive earthquakes, have shown that this method of calculation “eer 


‘ts “practically sufficient and that only lack of s strength against such supple- 


mentary forces i in the usual construction methods was the cause of most of the M*Dlez 


n the case that of particularly slender 


- tions, which suffer deflections (see (Fig. 12 (b)), a recalculation of the stresses arthau 
is necessary due to the deflections and any possible danger due to resonance ee 
(see Fig. 12 2 (c)). The condition shown in Fig. 12 (d) with a transition to y OCG 

omewl 


an ff te dat 


i earthquakes, but it does not ‘embed the question of statical calculation. “As an 
example, a reinforced concrete chimney 150 m. high with a -see, natura eric 
\ vibration period would not be endangered by an earthquake with a period of 1 ope to 
AW sec., but would be destroyed by r resonance by a ‘less: severe earthquake with a Ma 8 
period of 2.5 sec. ot to ot ab 10 Dot B thoug 
The effect of the yielding . of the ‘ground which was | discussed* at length jarrent 
by Mr. de’ Bussy may be dangerous with slender towers | and chimneys, as a mailab) 
result of incre easing the length o of the natural vibration. period; hence, there is amet 


ft, 
increased danger from ‘resonance. Tilting: need not be feared in ‘other 
structures, ‘even with poorer: foundations. In short, the effect. of the bad 


a ~ ground i is already considered in in the statical calculation because + the horizontal |+ Re 

increases with the decrease in the quality of 

Pr 
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As an example, in in 1923 the horizontal earthquake accelera-— * 


tion in alluvial 1 river bottoms was ~~ and in in diluvial raised areas wad 10% 


Harry O. Woopn,t Eso. {Referring to the author’s remarks 

om the “Motion of the Ground”,§ it is true, of course, that structures” i 
designed to ) withstand vertical accelerations greater than those in a horizontal — 
direction and with | greater factors of safety; and it may be thatthe 
secelerations which occur in “earthquakes are greater the horizontal 
than in the vertical, ‘direction; but owing to difficulties in “measurement and 
registration of “motion the vertical by means of instruments, it is not = 
wholly certain that this is so. Emphasis should not be placed too strongly on _ 
the possibility that vertical earth motion is less e energetic than the fovinbsital, 
and it should not be taken as a fact. ton 


_ Visible waves of short wave lengths" have often been reported. Tn some 


ases the reports are based without question on an optical or psychological _ 
illusion. In other cases the testimony would indicate that such ‘visible | 
Again, with respect to the “Movement of Objects”, the writer is certain 


that movements of sliding, or the hitching along of objects, must ‘unques- 


a 


tionably be facilitated when ‘motion of vibration has a vertical com-_ 

nent, and ¢ this also would facilitate the c causation of the apparent rotation. a 
mena experimental work 5 with ‘reference t to such action desirable. 
| R. M Am. Soc. ©. E. (by letter) the of 
upple- round movements to be expected during an ‘earthquake were known, the 
of joblem of determining ‘the forces produced in a building or other structure 
vould become definite and. subject to at | least an approximate solution. The 
.strue- dearth of information. regarding the motion of the gr ound in the areas where ~ 
slant arthquakes have caused destruction is a condition that seems bound to i = 
tinue for some time to come. reason fo for this is the comparative rarity of 
the occurrence of destructive earthquakes i in d densely populated regions: and the 
omewhat general lack of interest on the part of ‘seismologists in securing 
‘ee he data needed by engineers. Tt may be that general limits, s such as the Tange 
natural af periods and amplitudes of the oscillations, are all that engineers may | ever 
d of 1 hope to obtain because | of the absence of standardization in earthquakes even 
od o 
with ina given locality. However, it should be possible to obtain data which, 
though it might not ‘be extremely precise, would eliminate some of” the 
arrent speculation as to earthquake n motions. | Until data of this kind are 

wailable, studies such as those of the author may gia explanations for _ P-& 

trtain observed phenomena which will give confidence in the assumptions of | 
— he character of the motion on which the studies are based. cecake 


“Dig Erdbebensicherheit von Bauwerken, von Rudolf Vering Wilhelm 


ert Research Associate in Seismology, Carnegie Institution of Washington, ‘Pasadéa;’ Calif. 
_ § Proceedings, Am. Soc. C. E., May, 1927, Papers and Discussions, p. 1449. Seer ee : 
Associate Prof., Civ. ‘Eng., California Inst. of Technology, ‘Pasadena, Calif, 
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of the effect of a a single “ to and fro’ ’ displacement with 

— - different acceleration p patterns on a . single mass mounted on a flexible rod,* t the 
; author Presents an ex extremely broad field of of research: comparable with | that of | 
transients in electrical engineering. 7 Some of the lines along which further 


studies in this field” might -be. pursued ‘advantageously - are the effects of a 
number of oscillations of different acceleration patterns | on the single n mass" 
_ supported on an elastic rod and on simple multi- -story bents, as well as on an 


the ‘simple approximations by which the results| given in the paper have been | 
— and by which some of the mathematical difficulties of f the problem 


effects of damping have not been discussed by the author 1or and Tightly 


g0, since they) would probably not affect the qualitative results found, and their 
inclusion in these early stages of the study would lead to complications and 


perhaps to confusion. tt might be noted, | however, that the damping a 
ti 
in 


elastic rod of varying erose- -section.. The: writer suggests that the author outline 


ilding is , quite different from the damping i in sciemographs.. which is inten- 
onally provided to prevent resonance. 3 Ina building the damping force is, 


the main, a constant due to what i is sometimes s called “ solid friction”, and 


ao: the amplitude of each successive free swing by a a fixed amount 
finally leaving the structure permanently distorted after ‘motion has ceased. 
_ The type of damping in seismographs is, in the main, proportional ‘to the 


The importance of by the yielding of the foundations, | to 
which the author devotes a part of his papert has, das been discussed by 


revo 


Dr. Suyehiro, Director of the Earthquake Institute, Tokyo 
Imperial University, who made experiments small m models resting on 


gelatine which | was given a simple harmonic: motion by means of a shaking 
: table. Like many other valuable p papers on earthquakes and their effects on 


engineering structures, the report of these experiments is in Japanese. 


‘The illustration (Fig. 5)4 used by Mr. de Bussy to how ‘the yielding 


ats 
a of the foundation of a chimney affects the location of the section | of probable 
fracture, furnishes an explanation for the damage actually observed in many 


earthquakes. — However, it is not the only explanation that can be found, 
since | it may be shown that the location of the | point of critical stress in a 
my, flexible rod subjected to simple harmonic motion may occur at any point along 
its height depending « on the ratio of the free period of the rod to the period 
of the motion ; but when this method is | applied to the data on the chimneys in 


and around Tokyo. broken by the earthquake of 1923, no correlation is found. 
be mentioned here that the data on 


of those which was two- ‘the height, cases 
the location of section ranged from 0.25 to 0.95 of the ought. 
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ON EFFECT OF EARTH | SHOCKS ON ST rRU 


single transverse its base gave color to the that. 


chimneys and in tall buildings subjected to earthquake the stresses were 
= those in the rigid rod. ‘The wide acceptance of this theory of the “center of = 


percussion” which is current even to-day is another example of the ea 
_ The author is to be commended - for his stimulating contribution to * 


_ subject which has received too little sustained study in the | past. The earth- 
quakes of the past few years have provided a mass of. data’ from 
structures available te the verification of the complete: solution. 
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 COMMITTE EK ON ARCH DAM INVE STIGATION 


4 
Ts 


Messrs. Roy Green, Harry O. Woop, am AND A 


Roy M. GREEN + Soc. OE (by letter). 


a great fund of valuable with | respect to the problems o of the 
and ‘durability: of concrete as a structural material. investigations 


‘still being continued by the Committee, informa 
than ‘that already y published. 


a stress 216° b. per. ‘sq. a. in, the test beam gave modulus of 
“elasticity of 4 000 000 Ib. per sq. in. for the » earlier tests as compared — 


6.000 000 Ib. per sq. i in. for the later tests. . Because the later modulus se seem 
too high, check 1 ests were made, and the 6 000 000 Ib. in. was 


The very fact that tests _to be necessary indicates. 


general impression that the value of the “modulus” of elasticity of concrete 


is a function of of the strength and that age is not a controlling variable. _ This : 


impression has doubtless grown out of the of ‘other investigators. 
According to Stanton ‘Walker, Assoc. M. Am. Soe. C. E., the relation between 


the modulus of elasticity and strength for mixtures leaner than about 1:3, 
may be represented by an equation of the form, 7 = cs”, ; in which, E= 


_- * This discussion (of the Report of the Committee of Engineering Foundation on Arch. » 
Dam Investigation published in May, 1928, Proceedings, Pt. 3, but not presented at any 
Ideeting), is printed in Proceedings in order that the views be brought 


bef further dis ussion. 
if efore all members for further c 


Proceedings, Am. Soc. C. May, 1928, Ft. -3; Report on 


“Modulus of Elasticity of Cotierets,”” by Stanton Walker, Assoc. M. Am. Soc. 
No. 5, Lewis Inst. Chicago, Ti. 
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of elasticity of concrete; a depending on the ‘conditions 

of the test; S, the compressive strength of concrete ; and m, an exponent. 

. & studying these relations, especially as to the variation of the modulus — 

with ‘the strength and age as found by the Arch Dam Committee, the writer — 

was interested in plotting a number of the results from Mr. Walker’s previous — 

tests. A typical result is given in Fig. 163. * Other curves confirming the 


tendency might readily be ‘shown. The test results are grouped into 


three curves according to their ages. - While the | general form of these cu curves 
is ; somewhat similar, the ‘positions are noticeably different, which indicates 


clearly that, after all, age is as much a a determining factor as compressive 
__ strength. For example, (Fig. 163) for a given type of concrete the modulus 
of elasticity Corresponding with the compressive strength of about 5000 ~ 


mn sq. any vary from 5 000 000 to more ‘than 7 000 000 Ib. Per 24. in., 


depending on 


aniot noo 


. 


A 


ompressive Stren n Thousands 


3.—VARIATION ‘OF E For CONCRETE ACCORDING TO 


ime This anita) | exactly the tendency found. by the Committee 
Arch Dam Investigation. The fact that concrete has the characteristic of of 


becoming: brittle with aj age > should be of sufficient interest to warrant further 

eareful complete investigation. sil? te ad? tw) widT 


an In the valuable investigation of the “Physical Properties of Concrete,’ mn 
Raymond E. Davis, M. Am. Soe. it ‘would be of value to record 


aa the unit deformation at the breaking load both for concretes that have been 

Plotted from Mr. Walker's Table No.7 


t ‘Preesedings, Am. Soc. C. E., May, 1038, Pt. oa Rem: D. 
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s loading and also for those that have been under 1 no 0 load 


ax 


“the: deformation at the time While are not such 

_ important factors i in a dam, ‘they are of great interest in ‘connection with oo 


‘use. of concrete for paving purpose 


Harry O. Woon,* * Esq. (by letter). +—There i is a possible action of 
quakes on dams, dikes, ete., which ‘appears to been generally, if not 
‘universally, overlooked. | ets In an earthquake, the rock and solid earth particles 


_ which are held ‘together by elastic forces—including the dam or other similar © 


structure as part” of the assemblage—vibrate to and fro in a 
: manner, ‘However, the lengths of the earthquake waves are so great that this 


motion, in so far as the structure and the adjacent earth and rock material — 
on which it is founded and built are concerned, “may y be thought of as a to-and- 
translatory m motion of small amplitude. On the other hand, the water 


behind - the dam, being a liquid of relatively small viscosity, may not and 
probably does not share fully in this motion until after a lapse of some time, vi 
if at all. T here may | be, therefore, a great inert “mass of very small com- 
pressibility in contact with the practically vertical vu up- -stream face of the dam. ; 
This mass may be more or less free from the horizontal or sloping earth or — 


pee at the bottom and sides on account of the liquidity and at ee 
of the water and free, therefore, to a considerable extent to act as a great 

sluggish pendulum bob, or a kind. of soft-nosed battering ram of relatively - 
we great mass, which tends to remain still as the earth and the dam shift rapidly 
a and fro. Relatively, then, a soft-nosed, but very heavy battering ram may > 


be caused to deliver in rapid : succession, blows, or thrusts, against — the up- 


Ordinarily, of course, the amplitudes « of the earth vibrations are small, 
but. in very § strong earthquakes this is not true in the vicinity of the shock 
origin. Amplitudes up ‘several inches. are confidently estimated to have 
occurred. © While water does possess some viscosity, and in consequence is — 


not wholly free to act as a a pendulum mass, still, under such circumstances, it _ 
seem that it may exert thrusts of. great force. Consequently, 


possible ‘water-hammer” effect ought not to be overlooked. Investigation may 


show that it is, or is not, negligible. ‘There be factors ‘tending to 

Bia SUTHERLAND Assoc. Am. C. by | letter). §—This monu-- 

mental is deserving of the greatest praise from engineers and 

interested ‘in the construction of arch dams. It illustrates the enormous 


a dvance made in the knowledge of this class of | structure in the last twenty 
= _s Research poy in Seismology, Carnegie Institution of | Washington, Pasadena, Calif. 
Received by the Secretary, August 24, 1928. 
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V-shaped profile the test is a. average ‘site 
_ testing purposes, , although many arch dams are built in sites of U-shape, and 
a a few in sites of a cusped- -shape, similar t ‘to a V, except that the side slopes a 
are curved outward so as to form a very | sharp | gorge at the bot tom.* — This _ 
latter type is particularly adapted to dams of the | constant-angle type. It 
will be found that the distribution of load between beams | and — arches will 7 


- depend very largely on the. shape of the dam site. This can be shown by 
= trial and | error a analysist and may now be said ‘to be demonstrated in some 


‘measure in practice. The Stevenson | Creek tests have demonstrated that for 
V-shaped site, the arches, in general, are most heavily loaded in the center, 
_ while Professor Guidi, of ‘Turin, has shown} by model tests that for a site of | 
= “rectangular shape the arches, in general, are most heavily loaded at the 
flanks. okt. appears certain that for a cusp-shaped site, the arch loading 
would be even heavier in the central part than has been found to be the cave 
_ In the writer’s opinion, one of the most valuable igmanaliee of the work of the 7 
* Committee will lie in the correlation of results obtained on the dam ¢ and on 
models, v whether of. concrete, celluloid , or other m material. Such a correlation 
- full-scale and model tests would enable useful information to be obtained — 
at small expense on the behavior of an arch dam in a site of any given shape. 
7 OA testing laboratory equipped | for model experiments of this type would then 
- provide as great an improvement in arch dam design as the Froude tank os 
tes The writer has shown elsew here§ that the : shape ye and dimensions of a dam . 
id site may be expressed roughly by a formula, and it is reasonable to’ expect 
_ that the load distribution may be expressed, qualitatively at any rate, : 
terms of the shape of dam, , and that the best design x may eventually be to 


extent standardized for the different profiles. bacune of 


One the ‘Stevenson Creek k tests do not 


= 


load and temperature “(although to 
less extent) are generally applied slowly, and this must tend to mitigate to 


‘some extent the tensile stresses, such as those that caused cracking ‘at Steven- 


Am. Soc. C. E., April, 1928, Papers Discussions, p. 1031, Fig. 1(b). 
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This Society is not responsible for. any statement made or opinion 


‘ste 
RE ‘ET DE! x F v ARIOUS U SES 


Messrs. _Haroup M. Lows, Wai Crossy, Ww. Sawyer, 


(Patol Yo ove aM C. Reever, Wituiam T. Lyne. i gil 


Harowp M. Lewis,t M. Am. Soc. C. E. “(by letter).¢— —This paper is encour- 
in that it shows real progress in providing highway facilities to ser 


modern vehicular demands. It is valuable in determining the es 


4 which should guide t up-to- date highway design. The motor vehicle is no longer 
an reared but promises to be a fixture for which the highway engineer 


The writer “would suggest another for a street which ane 

much greater consideration is generally given to it; that i is, street 


ini fa Ji) 


- shoul encourage and serve the most desirable kind of use that the owners of P, 


Paks 


a adjacent property can make of their land. The tendency | has been to expect 
the frontages of all main highways radiating from a large city to be devel- 


=. primarily for commercial purposes. Where zoning plans have been 
; adopted they generally ‘show such frontage in a business zone; or, where prop- a 
: is adjacent to railroads or navigable waterways, in an industrial zone. 


Much of such land develops very slowly if at all. 


detached residences. Increasing traffic demands have caused the construction 
of additional arterial | highways. Increased accessibility 1 has brought an exage 


‘ata streets on ‘the edges of American cities were given over to high- class g 


gerated idea of potential development and the real estate dealer has pictured | 
practically all this frontage as future business sites. An application of the | 
data given | by Mr. will show enes: 


land owner and the real estate speculator bate. not tried to “datereniond ‘the 


> *This discussion (of the paper by George William Tillson, M. Am. Soc. C. {Bs | pre- 
‘sented at the meeting of the City Planning Division, Denver, Colo., July 14, 1927, and ‘pub- | pe ht 

tae in August, 1928, Proceedings), is printed in Proceedings in order that ee 2 

expressed may be brought before all members for further discussion. RA IS val 3 

Executive Engr., Regional Plan of New York and. New York, 


the ‘September 2, , 1927, 
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has been that improvement of such frontage has often be been delayed 1 until ¢ a 
- sufficient number of residences have been built on n the land fronting on the 


0 other er streets in the vicinity to. support local business establishments on the 


- avenue. . Such business then develops i in strips of small stores. The « community 
might be better served if it ‘were conéentrated in small business centers each 


of which cater to a separate residential a area. iA 2 A‘ 
=) kh may be claimed that a main arterial highway is not iliahiig for “a 
dences because of the noise and confusion ‘resulting | from the intensive u 


to 0 which it is subjected. This is true if the street contains ‘a trolley or e ele- 
vated railway. It is not necessarily true of an attractive boulevard which 


may carry a vehicular traffic but may still furnish excellent apartment 
sites. The question is, ‘Can a traffic way ‘be made suitable” for high- “4 


detached _The which is meant a road ‘through a 


seems to offer a solution. Birictly: ‘speaking, such a traffic 
not a highway, it is part of a park, but if laid out to take | care | of long- haul 


; ‘ traffic it seems sufficiently a highway to be considered i in this discussion. a 
instead of adding roadways the same, kind between 


older arterial routes, such parkway 7s had been laid down through what was then 


x . ‘relatively open areas, a much h more efficient a and economical arrangement might : 


have resulted. Increased traffic capacity would have been added along attrac 
_ tive routes relatively free from interference with c as 


_ adjuncts to residential : sites such natural 1 charms ¢ as the obuittey may have pos- : 
properly protected by a zoning plan, which had provided ‘sufficient 


sites for readily accessible local business centers, good residential development _ 


would have been attracted and ‘maintained along ‘the frontage of such park- 
Ww vays. That part of the Bronx River “Parkway in Westchester County, New | 


York, offers excellent illustration of the successful execution of a project 


development of adj joining property was greatly 
Lox 


factitated By the railroad which parallels the Parkway and furnishes neces- 
ry commuting transportation. transit facility of some kind is essential 

te encourage development. of such _parkways. When they are within 


q 
| 


oe of the business center an adequate motor-bus service may prove suffi- 


The | ‘construction of parkways within areas already built- “up may 


There are. still many ‘places where they can be estab-_ 
lished economically on the outskirts of larger cities. The advantages: that will q 


accrue to both the highway system and the of adjoining land are certain 


to ‘them public investments. ‘They will also provide ‘ ‘corridors” 
a 


of open spaces which will help to - maintain communities with local activities 


and interests and avoid the monotony in both appearance and living conditions 


which follows the unbroken spread of urban conditions into suburban areas. = a 
Mr ‘Tilleon has referred* to the super- highways which are being developed — 


4 “a in in different pi parts of the country on rights of way varying from 200 to 600 _ in 


Am. Soc. 1928, and p. 1733. 
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2 CROSBY ON 
w idth. These wide rights of way | have been so as to permit 


a gradual | expansion of roadway capacity or to maintain attractive surround- t 
“ings gs. | Other great advantages are flexibility i in both capacity and arrange-— 
ment of future roadways within them and the ease with which separation of i 


at important intersecting highways ¢ oun attained without 


‘terrupted movement. for movement that is only of 
serious interference of cross traffic. Ins some cases grade separations may y offer 


_ the cheapest method of — care of a dditional vehicles ; but even if the cost. _ 


it gains: in n safety ¢ can n be dam against tae excess. . The latter should bring a a 7 
considerable reduction in the number of accidents. The great need on con- 
gested highways to- -day i is some, means of ‘making better average speed. The 
d modern highway readily per) mits as great a maximum as seems desirable. 
is It is relatively easy to acquire wide rights: of way in the open country 
al betw een built- “up communities. I In order that these may function efficiently 


a they ‘should. be linked with roadways of similar capacity which will by- “pass 
the larger: communities. | ‘The urgent problem i is the acquisition of 1 the n 


sary rights of way for such by-pass highways before the rapidly, growing cities a 


obliterate ‘the gaps. through which they might be laid down. Improvement _ ‘ + 
such routes can be done as” traffic increase. 


that the ‘ “design” “of ‘comprehends consideration of = 
. their place or “location” as well ; as their “functions” and “use”, . In some a 
‘the location may really be fundamental » and the function and use adventitious. je 
Sometimes, “however, “function” or ‘ “use” may be allied with “location” 
that the combination is fundamental to all else; and in almost all cases the 
“design” of any single street should be—as it often i s not—considered as 
affected by the location of neighboring streets” or as a design: for : a part of a 
system whether it be branch or main line. = 
seems to the writer that nowadays lack of width is the most frequent 
criticism of existing streets. The author ‘seems to ‘realize ‘the p reponderance 


of this factor for he devotes more than one-half his paper to Jean widths — 
and there : are frequent references to the subject i in other parts of the paper. avell 


d “Light 


and Air’. While ‘the English Courts have held ‘that every one was” 


was” 
‘entitled to Kg place i in the sun” in that country w here avai sunshine has — 
been at a premium, and hence have ‘prevented—by refusing to allow a neighbor 
to be shut off from his proper amount of sunshine (and air) through the erec- 
‘of ¢ ‘skyscrapers”—the development of street canyons in English cities 
compara able. to those of ‘New York, for for instance, American practices con- 
trols have brought about results that are beginning to be recognized as involv- _ 
Received by the Secretary, September..2,: 1927.50. ans vt 
— Am. Soc. C. E., August, 1928, and 1726, 
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Tillson writes* * of the necessity for “ ‘bolstering up” by zoning the im 


¢ ‘natent planning of street systems, and in a w: ay there seems an analogy in the 
oe “setting-back” of upper stories of high buildings where insufficient street 
widths have been established. _ However, there is a real ‘rational: motive for 


both: zoning and) setting- -back although often the effects are but palliatives 


instead of cures for the trouble. ed % 


this connection it may be pertinent to invite serious toa 
gestion: recently | advanced, which, if properly developed, may materially affect 


street design”. i Excessive height o of buildings is objectionable from many of 
the viewpoints of street authorities. Trrationally excessive heights might be | 

checked and even | controlled, by establishing zones of taxation on ‘improve-_ 

ments (structures) rising higher than a primary zone at street level. “The 


- zone, the higher the tax” ‘might not be an ‘unjust slogan. The 
7 “rights” of the land owner would not be denied, but the “sun-and-air hog” yo 
be obliged to ‘compensate, to some the neighbors and the 
= street users, and, in a way, the street designers. 


‘Space between fronts of buildings across narrow streets may be ained 
by the establishment (and enforcement) of laws for setting- back buildings, but 


- _ there may be many cases where one or both of these powers may prove lacking. q 
em! It might be better t to provide the proper » width for the public right of way in 
4 the first place and then trust to “Nature to take her course” for ‘the results 


Since the World War people generally (especially have devel- 
q —_= an objection to ‘ “queues”. Motorists, as well as other humans, are gre- 7 7 
-garious, but even ‘ ‘road snails” will avoid joining in long files, by spurting 
to pass, or by taking any parallel route available. - ‘Three-lane roadways, the 
writer believes, are objectionable. — Two or fi four- “way roadways (in addition to 
any parking lanes allowed) are needed for safety and modern traffic. Where 
there are no street-car tracks, the minimum width for a two- lane roadway 
with parking seems to be 32 ft. between ¢ ‘Hence, the writer thinks that 
Mr. -Tillson’s ‘suggested roadway widtht of 24 ft. “in: comparatively narrow 
is not sufficient for general adoption. TH SUT OF 
be The writer has previously expressed himself ii in agreement with ‘Mr. Tillson 
\3 as ate the delivery of goods ‘ ‘within the warehouses” ‘themselves. The time wil 
come when the accepted solution of many street problems, arising from re-_ 
and affecting street design, , will ‘include: "allway location 


below the ground surface roadways on the irface, with parking 


involved ; footways on the roadwa ays; and : airways ‘above 


W.C: Assoc, M. Am. Soo. C. E, (by letter). §—The points which | 
the writer wishes to emphasize are: 162 Watt Yo: 


Proceedings, Am. Soc. C. E., August, 1928, Papers and Discussions, p. 1729. 
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"Papers, SAWYER: ON STREET DESIGNIN R V VARIOUS USES 


7 a —The adoption of general standards for 1 the n maximum grades desir- 


= 


—The proportion of the street width to be to 


mnt —The necessity for more adequate an and valuable data on the pnd 


‘The City of Boston, Mass., i is always referred to as a “well- known example” E 
poor street location. The alibi is its ve very ancient beginning. Ts it not a 
“4 disgrace for more modern cities, rapidly developing i in the light of Twentieth _ 

Century intelligence to cling to methods that were a disgrace when the City 


ihe Los Angeles, Calif., is in some respects a backwoods town. Until within 
recent it has been almost wholly developed by sub-division 


New tracts adjoining the original city limits were laid out with ‘slight con- 

sideration for the continuation of street lines. Yo 

a _ Of late years much attention has been paid to the matter by city and county 
‘governments. illions of dollars are now being spent to ameliorate the 


> _ whereas ideal conditions could have been obtained at the beginning with slight 


ra be This is not, in n the _main, intended as a criticism of the engineer, although 
is not blameless. It is the general ‘system: that is wrong. The city” plan- 
4 ing commission assumes no responsibility for street grades 2 ol. the widths of 
roadways and sidewalks. The commission limits its responsibility. to zoning 
and street alignment. , Even in that it is doing a great work. It is to. be 
admitted that it needs the integrity of a deity, the strength ofa ‘Samson, and 
the: wisdom of a Solomon to solve successfully these problems: alone. There i is 
probably no street in the city which has not some advocates. for changing 
to a major traffic highway, a business or manufacturing way, ora boulevard. — 
~ Some expert body should be available to study. the possible early adjustment of re 
grades and decisions as to permanent street widths before | expensive 
ae writer suggests’ four specifications for street grades, as follows: (1) 
| "Grades | ess than 10% shall be classed as desirable ; (2) grades from 10 to Sel 


peas “dy considered questionable ; (3) considerable expense shall be justified a 


=) 


prevent or correct grades between 15 and 20% (because of safety. and future i 7 


property values) ; (4) grades between 20 and: 35% shall be 
and justified only by extreme ‘emergencies and under extremely 


AL 


There seems to be a fallacious opinion | that almost any cut is ‘allowable a 


establishing : a grade, but that all fills are prohibitive notwithstanding the fact 


that fills are being made on private side-hill lots where the natural slope is ne 
much more than 20 per cent. The advisability of flattening the approaches % 


paee property that has a hilltop view by filling at the bottom i is being overlooked. 

_ Whees the streets in question are in business and residential where 


La 
~ 


« — 
i 
ian 
7 
4 il 
im 
— 
y > : 
| 
a 
hg — 
ho 


REEDER ON STREET DESIGNING ‘FOR ‘VARIOUS USES 


- basements 1 will be d desired, the elevation of | the ‘street will be a positive | benefit | 


_bys saving of excavation, hauling, é and | dumpage, a and hillside 1 lots sloping toward — 7 
° a frontage on on such filled streets will profit i in the same manner. ol Bi tye 
- With regard to underground structures no carelessness of location is excus- 


& ere on the ground that they are ‘ ‘out « of sight, out of mind” ”. The oj opposite 7 


attitude should be adopted ; “special care should” be exerted to maintain con- 
-yenient and accurate location data. Every underground. structure should be 


- located by its elevation above or below city datum and not by it its depth, , because 


in surface levels invalidate s such records. Yes of 


C. Reeper,* M. Am. Soc. C. E.—The engineers for the Delaware 


Be Bridge designed six lines of traffic 94 ft. wide. — They were not encum- 
bered with the need of providing for standing lines of vehicles. “Consequently, 


they made the lines of equal width. It was found almost immediately that the 


- buses and trucks, which had been delegated to the outer lines of traffic, —t 
not themselves to those li lines. Therefore, the outer lines were changed 


aos 2 * volume of traffic, ptonnrrwn to 59 000 vehicles on some days, moves 
freely at speeds from 22 to 35 miles per hour, and the management 
100 000 cars. per day can be handled satisfactorily. 


e question of i and lines of traffic, is that 


present- -day are found to be inadequate ‘fot to- morrow; hie 
instance, the Pennsylvania Public Service Commission requires 14 ft. of head- : 
Toom for a highway bridge, whereas the Motor Law, adopted in 1927, allows” 


: motor vehicles 14. ft. 6 in. in height. ie ‘hese vehicles are now allowed to be 


ft. w ide. What becomes of the 8-ft. line of travel formerly used by 


‘Partly to overcome this question of changes, speaker wishes to call 
attention to what is known as the “elastic” street ordinance, which the City 
7 of Philadelphia adopted i in 1916 for the economic development of streets. A | 


~ street 1 may be opened legally for its full width between building lines, with 
the establishment of a curb line; but in the improvement of this street any 
cartway width which economnines in the paving of the cartway be 
used. The Board of Surveyors approves a plan for that individual street, 


fi. 
of the that ‘shall made. The trees must be in a certain line, 
and the portion of the footway which is paved must conform | to a uniform 


that’ Whenever increase of traffic may require it, city can reset 


the | curb back to the true line and pave the full cartway, assessing abutting 


An Allocation Committee, consisting of a delegate from each of the public 
~ service corporations and the Highway Supervisors, has decided to recommend 


for all new streets ‘that the secondary gas and water pipes for "local service 
ftod sul THT 


shall be ‘placed in the footway, the ; gas pipes 6 ft. from the house line and the 


* Asst. Engr., Bureau of. Surveys, Philadelphia, 
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| This j is done because of the frequent cutting of the cartway 7 
pavement, to the necessity of giving private service, and the fact that it 
is somewhat easier to restore footway pavement than the cartway. | ri 


Lyte, * Am. Soc. C C.E E.—In the matter of street di design the 
- engineer must steer his course between Seylla and Charybdis—elasticity on 
the one side and stability ‘on the other. With ¢ hanging conditions, ‘such a: 


now experienced, a treatment ‘capable of modification | is 


desirable. The rigidity of the ; plan of Manhattan | Island i is most unfortunate, = 
although the p lanners of. a century ago can hardly be blamed since the traffic 


= those days” was from ‘viver to river. the other hand several of ‘the 


modifications of the plan of “Washington, have proved ‘themselves 


eg 

unfortunate and have subsequently been corrected by restorations. Great 
wisdom | and foresight are necessary in preparing original plans in 
provide for the possible incorporation of needful modifications, while at the 


time creating” an initial rigidity making it difficult for future genera-_ 
tions to destroy the harmony inherent i in the original plan _ 
Mr. ‘Tilson has called attentiont to the attractiveness of planning for 
capital cities, where the probability of future changes i is reduced to a minimum. 
= also calls attention to the artifice of zoning to create stability. $0 


‘The combination of parks and streets or boulevards i is to be recommended 


providing for elasticity. This combination can take form the ‘modern 

q _ parkway which is an elongated park with automobile and service e roadways, 

together with planting strips and ‘occasionally. a bridle-path. Should future 


as require it, the planting sp: spaces can be transformed into pavement, : as 

was done on Main Street in Houston, 


/— Attention has been called to a proper control of traffic lanes whereby 1 their 


use is altered in direction of traffic to provide for the morning and evening | 
flow. § This, too, i is in the interest of the ‘principle of elasticity, = = | 
‘There is great need of giving more attention to ‘through trafie—“automo- 
motor-bus, and ‘motor truck. As far as the motor tourist is ‘concerned, 


‘great differences are to be found i in cities along the National trails. The able 
routing and traffic control i in the. City, of Indianapolis, Ind, is is admirable. The 
‘motorist is passed through 1 without danger or inconvenience and in a remark-— 


ably short time. _ This is made possible by directness, ‘by boulevard 
lig lights, and by police control ir in the 1e congested district. — re 


Sufficient attention has not been in America to the aesthetic 
_ tages of streets which are slightly ¢ curved. Streets of this character m ‘may even 


prove desirable in the closely built- up districts in order to afford | a view of =: 


ie. Mr. . Tillson points o out the need of taking | care of future public ee 
_ Here the fundamental principle of harmony and common sense should come 
into play. eh eae services are created for profit, the city cannot 


* Prof., Civ. Eng., Washington and Lee Univ., Lexington, 


vel Am. Soc. | Cc. August, 1928, Papers” and Disc Discussions, Pp. 1727. 
Loc. cit., 
cit., D. "1730. 
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LYLE ON STREET DESIGNING FOR VARIOUS ‘USES [Papers. 


get along without. them, and | every legitimate and proper assistance should | be | 


extended to them in the city plan. 


The speaker is not convinced of the desirability of ‘one- 


through traffic. This may be -“hecessary sometimes. the other hand, the 
a a routing of all through traffic on one street usually i is a help - to business. The 
7 - by-passing of such traffic is most expedient in the case of a great city like 
Philadelphia, facilitating traffic and keeping the city’s streets free for 


The foresight of the municipal authorities: of Chicago, I Il, in securing 
rights of way for its boulevards before the price of land ceoanati, prohibitive 


is to be commended. The wisdom of this procedure i is mene of come 
tion in several American cities. 
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AMERICAN SOCIETY (OF CIVIL ENGINEERS 


7 


mult thot PAPERS: AND DISCUSSIONS 


This” Society is “not for any statement made or opinion expressed 


OF TH IE COMMITTEE OF HE STRUCTU RAL. L DIV ISION” 


. O. Durour T. L. Conpron nj wit to 


0. M. ‘Soe. C. E. —The report, a ‘the is good. 


It covers all the points in an a orderly and conerete manner. The ayeelice made — 


on accoun 
of pe passing over city with many structures the opportunity fo 


er 


constructive criticism of the effects « on usual engineering construction in areas 
of high wind velocity is exceptional. §|.§ = 


What the actual velocities and pressures were appears to be immaterial, but 


nevertheless interesting. The speaker | checked Clyde Morris, M. Am: Soc. 
+O. E,, as ; to the pressure when computed from the bending of columns in is 


per bent of the Meyer- Kiser Building,+ basing the wind distribution on the - 
usual assumptions. This pressure was 60 lb. per sq. ft. - Whether or not this 


"was the pressure or whether the effects were due to synchronous behavior ee = _ 


“those of impact due to sudden failure of the curtain walls is beside the 


question. The fact that, the greatest destruction of the columns of the Meyer- 
Kiser Building came. after the walls were out appears: to indicate that ‘the 
"bending was not due to the sudden failure of the walls. If the columns of the » 
-Meyer-Kiser Building had been designed for pressure of 60 lb., even with ‘the 4 


details used, it is most probable that no ‘material distortion would 


The fact that -wind- -bracing the form of knee- as below 

‘the fourth floor and that no column distortion occurred. below that floor, 

appears to indicate that had -wind- bracing of this type been used ‘throughout — 


no column. distortion would have occurred. = 
- * This discussion (of the Final Report of the Committee of the Structural Division on 
Florida Hurricane, presented at the meeting of the Structural Division, New York, N. Y. a 
January 19, 1928, and published in August, 1928, Proceedings) is printed in Proceedings 
in order that the views expressed may be brought before all members for further discussion. 
Cons. Engr., United Engrs. & Constructors, Philadelphia, Pa. 


Proceedings, Am. Soc. E., Papers and Discussions, p. 1758. 
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That pa were not even superficially cracked and that 
the rear of the building “kicked out” in a direction. opposite ‘to the front 
indieabes. that, as horizontal girders, these floors fistribyted the | wind to the 
vertical bents in accordance with usual supposition. the > vertical 
wind bents, howev er, been spaced and had the wind pressure been 
uniform, it is probable that less damage would have occurred. a That the wind © 
-pressure ‘should have been - uniform was, of course, not to be expected; that 
the strength of wind bents should be proportioned t to stand a maximum differ-- 


“report mo ‘most ‘properly calls attention to the insufficiency of details. 
The ‘speaker noted a few broken connections anc and clip: angles, but n more> 
= than three. few n more were cracked ; many were bent. 


| 


In the case of the broken clip angles, one showed neither reduction of area — 
_ elongation. | ‘Evidently, this break was due to causes other than the ‘storm. 
Most of the bent connection a angles s showed no scaling. This indicated that 
the material was not stretched beyond the elastic limit. - ‘The partial springing 7 


back of the building when the walls were removed also indicated this. 


ing to the report, next to ‘most important | 
Committee has covered this in an efficient ‘manner, Adequate interior wind 


bents and some construction for inter ior partitions other than plain partition 


‘ee together with a type of gusset- -plate. or knee-brace construction for the 


spandrel bents, are certainly required, especially when the of the 


a extended “experience in the design of structures requiring stiffness, 
q wel as strength ‘prompts the speaker to suggest, that a design based on a unit 1 


4 - stress of 9000 Ib. per sq. in. in tension, , properly decreased for compression — 
and increased for combined 1 loads, will Gn cases when the: ratio of width to 

height is one-tenth or less) provide the desired stiffness, due regard being 
given to details sufficient to develop full strength. tte | 
It is believed that buildings designed in accordance e with any she the: 


methods commonly used by the leading structural “engineers—a wind pressure 


- of 30 Ib. per sq. ft. and a due regard to details and wind- bracing—will, | even 


the present prescri ibed | unit stresses, withstand i injurious | distortion as far 
=‘ Be the steel frame is concerned. Consideration must be given to the element 


of stiffness, however, to prevent injury to the walls or inconvenience to the 
occupants. The floors will take care of themselves. 


Coxprow,+ M. Am. Soc. C. E.—It is statedt that if a wind load of 
Ib. produced a stress” of 24 000 lb., a 30-lb. wind load would produce 
000-lb. stress. The speaker believes that the 24 000-lb. stress was_ prob- 


AUPE. 
x 


ably due to combined forces and that the difference between the unit stress 


code, 000 Ib. and 36 000 Tb. would be due entirely to the additional wind 
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‘JOHN TONER B: BARR, M. Am. Soc. C. E.* 


7 John Toner Barr was born in Philadelphia, Pa., on November 25, 1876. He 


was the son of John C. Barr, of Blairsville, Pa. , whose great- i-grandfather 
— erossed the . Allegheny Mountains from Baltimore, Md., long before the Revolu-— 
tion. ‘His ‘mother was Sarah Toner, of Gallipolis, Ohio. Her people came feo! 


York County, Pennsylvania, they had settled during Colonial days. 
n 


ie. Mr. Barr attended the public schools of Pittsburgh, Pa., until he was sixtee: 

4 years of age, when he went to work as Draftsman in the City Engineer’s Office. k 

At the end of seven years, in 1898, he gave up this’ position and became a 
dent in 1 the Western University, now the University of Pittsburgh. 

7 continued his studies at the University, w orking part of the time as Draftsman M4 
for the West Virginia Short Line Railroad Company, now p: part of the ‘Balti- 

7 more ond Ohio System, and also for the Allegheny Valley Railroad Company. : 
was unable, however, to finish his at the University Ho 
‘From 1899 to 1902 Mr- Barr worked, successively, 2 as an Engineer for the 

gheny Valley Railroad Company, the Baltimore and Ohio Railroad | Com- 
; pany, the Illinois Steel Company, | and for the George S. ‘Davison and the 
Mellon Interests. ‘He designed the plant for the Pittsburgh Reduction Com- 
pany at St. Louis, Mo., and was also” Chief Engineer for the construction of 
> the many miles of interurban electric railways running out of Pittsburgh. Li ad 
‘Hard work and close application to the pery in hand while fitting himself, 
for his later undertakings began to undermine his health and he wa as advised i. 
to go West for ‘recuperation. While i in the W est he worked in the office of the 


. ie Engineer of Salt ‘Lake City, Utah; for a a brief period as as Engineer in 
-Thonde Mountain, Idaho; later, at Pitkin, Colo., on mine surveys; and also 


Machine Helper on the Oregon Short Line Railroad. 
Mr. Barr returned to Pittsburgh in 1904 and became Chief Engineer 
brother, | J. ‘Cl Barr, M. Am. Soc. Cc. , and also for 
“McNally Company. remained | with them ‘until 1907 when he launched 
out for himself under the firm name of J. Toner Barr, Civil Engineer, and ~~ 
from 1911 until the time of his death, practiced as | J. Toner ‘Barr, Engineer — 
Contractor. During this time Mr. Barr laid “practically all the under- 
‘ground cables for the Bell Telephone Company i in the Pittsburgh District. ‘= “a 
a“ On the evening of January 6, 1922, while at work in his ‘office, a ey 
which he had carried with him for 1 many years rs for payroll protection acei- 
dentally slipped off his desk and was s discharged. The bullet struck his re 
leg, glancing upward, necessitating, five days later, amputation in order to sav o 
his life. iad Mr. Barr r met the situation brav ely, declaring that he never had made — 
with his legs : anyway and proceeded to. do more business flowing 
his accident than had ev ever done before. He carried on until June 26, 1925, 


Memoir by Stewart C. McFarland, Esq., Pittsburgh, Pa. __ 
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MEMOIR OF WILLIAM oirs. 


In 1 1905, bea was | married t to > Anne M. Hogan, o of of Pittsburgh, who, with four —_ 
children, Sarah, Rosemary, Jone, and Nellie, ‘survives him. His brother, 
J. . Carroll Barr, also survives him. THOR 


Mr. Barr was a a popular member of the Rotary Club of Pittsburgh, holding | om 
the office of First Vice-President at the time of his death = The following 7 


memorial, delivered before the Club by Past- President and Past | District Gov- — 
emer Stewart C. McF arland, who knew him intimately, ¢ gives a true picture — 


of Mr. Barr and the esteem in which he was held by his fellows: 


“Our friend, our First Vice- President—your friend | | my friend—_ 
< . Toner Barr, has taken his place i in the silent halls of cherished memories. __ 
_ “Toner’s going brings us once again face to face with the Great Inevitable | 


—the final and conclusive fact that no matter how brilliantly a race the white — te 


te of life may run, the black and inexorable steed of death is sure to win. aa 
—_ “When we laid Toner’s tired frame in his narrow cell in Calvary last Mon-— 

as morning we gave back to earth her own. His unconquerable soul and ? 

indomitable spirit, his clean life and splendid character, his sense of — 

and his loyal devotion to truth, honor, and right are ours forever. This he has’ 

- bequeathed to us and a richer heritage no man can bequeath to his fellows. © 


“fied. He never ran away from any situation. He could detect insincerity 
i“ afar off. He had a keen sense of values. He was seldom if ever misled by the | 
false. He had the hard head of the engineer and the soft heart of the poet. — 


At one time he remarked, ‘Take sentiment out of life and all you have left is. 


ee “Toner’s home life was a symphony of sentiment. No man ever loved — 
_ more tenderly his wife and children and no man ever lived i in a richer at 
E phere of love returned. The happiness of his home life was so complate ¢ that at a 
one time he made the statement that he could be happy in Hades. - Ee 
“J. Toner Barr’s seat here to the right of President Jax is ie, vacant, . 
‘With a cheery smile and a wave of the hand, igadl 


¥ als bursa. He has wandered into an unknown land.’ ge hy 


" @To consecrate his memory and to render him a final Rotary service, I pro- | 
= pose that we stand for a moment and in that moment pray for the well-being — 
— of his soul, and that in our prayer we include his bereaved and broken- hearted a 


t the time of his demise Mr. was an active member of the 


of Commerce, the Americus Club (since disbanded), the Engineers Society uf 
Western Pennsylvania, the Historical Society of Western Pennsylvania, and 


Mr. Barr was elected a Member of the Anise ican Society of Civil ‘Engineers 


on March 4, 1913. He was also a Past-President of the Pittsburgh Section. = 


WILLIAM ‘TITCOMB BLUNT, Am. Soc. C. E. 


boss 4970! ail Diep Wis 3, 1928. ii ails TOUTE sti 


RCH 


7 _ ‘William Titcomb Blunt, the only son of Aaron ‘Drew and Helen Maria 
(Titeomb) Blunt, was born at Norridgewock, Me., on Ja anuary 10, 1855. ‘He 


er. Memoir prepared by the following Committee of the Illinois Section: John W. Woer- 
mann, ‘Clifford Cc. and Edward J. Fucik, Members, Am. Soc. Cc. E. 


“Toner had a wonderfully discriminating mind and was frankness personi- | 
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received his early education in the Grammar School and Eaton Fam ily School | 7 
_ of his native town, entering the Massachusetts Institute of Technology in 1870, a 
from: which he was graduated i in 1874 with the degree of Bachelor of Science in 


_ _ During the summer vacations of 1872 and 1873, Mr. Blunt was employed © 
by the City. Engineer of Somerville, Mass., by others, on topographic and 


: hydrographic s surveys. _ Following his graduation i in 1874, he secured a position a 


Ww ith the U. Ss. Coast and Geodetic Survey as Observer with a party making a z 


survey of the mouths of the Mississippi River. 


alo _ From 1875 to 1879, Mr. Blunt served as Clerk and Assistant Engineer with 
the Hathor of Massachusetts on triangulation, hydrog- q 


lower sections of the Mississippi River. In 1883 associated 


John Eisenmann under the name of Eisenmann and Blunt, ‘at Cleve- 


Ohio, in the practice of architecture and engineering. 
From 1886 to 1890, Mr. Blunt was employed under t the U.S. Engineer Offi fice 
Cleveland, Inspector on the maintenance and improvement: of ‘the 


harbors along south shore of Lake Erie. During the six months 


of 1890 he was Principal Assistant Engineer in Charge of Surveys for the 
Sanitary District of Chicago, Ti.., but resigned with the Chief Engineer, the 


Lyman E. Cooley, M. Am. Soe. E., on account of their objections 


the way the w ork was being conducted by the Board of Trustees. Fite! 
_ For a time Mr. ‘Blunt was busy in the insurance business, but the work 


s not congenial to him, and he soon returned to engineering. From. 1892 
f to 1906, he \ was continuously employed a as U. Sd Assistant: Engineer in the — 
ma aintenance and improvement of harbors and the location and construction 


_of lighthouses along the south shore of Lake Erie. This work was under co 


is 


| U. S. Engineer Office at Cleveland, but i in immediate charge of the Sub- Office 
a at Toledo, Ohio, where Mr. Blunt resided during this period. 
From 1906 to 1907, he served as Superintendent of construction with G 7 _. 
H. Breymann and Brothers, Contractors, of Boston, Mass., on river and harbor ‘sf 
work, especially. on subaqueous rock excavation, and, from 1908 to 1910 he» 
engaged on similar work for the U. S. Government at the Pacific entrance i | 
the Panama Canal. In connection with this work he designed a rock ck crusher — &§ 
1 that was said to be superior to the Lobnitz crusher, which was also in use. ‘om a : 7 
During the following two ‘years Mr. ‘Blunt remained on his farm in Ohio, 
but in November, 1912, he became. General Manager for the Shirley- Skeldon 
Dredging and Submarine Contracting Company, of. Toledo, with which he 
ty From June, 1914, until his retirement from the Federal ‘Civil Service, 
a anuary, 1925, on account of having reached the ag age limit: prescribed by law, a 
he was" employed | as. Assistant Engineer, under the U. S. Engineer Office 
Chicago on the maintenance and improvement of the harbors at the south end 
of Lake Michigan. This work included dredging operations i in eight 1 rivers 
E “harbors, rubble mound and concrete caisson breakwaters at Chicago Harbor 


and Indiana Harbor, and the construction of a concrete superstructure o on the ae 
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MEMOIR OF WALTER WOODBRIDGE CLIFFORD 


timber breakwater at Caluinet Harbor. For a short period during the 


“World War he was Acting District 2 Engineer i in charge of the office. 
‘ 


After” this retirement from Government Service, Mr. Blunt was engaged by 


me the Universal Portland Cement Company as Consulting Engineer on the con- 
struction of a new harbor at Buffington, ‘Ind. » including 1300 ‘ft. rubble- 


Tre 


mound breakwater. Following this, he by the Davis 


~ Company, Realtors, as. Staff Engineer i in charge of | extensive dredging opera- 


tions at St. “Augustine, Fla., on the development of a new seaside sub- division. ; 


_ a ‘After the nen of the Florida land boom in 1927 he returned to Chicago, © 
a and became affiliated with the Division of Waterways - of the State of Illinois. 


_ During the summer and fall he 1 was in charge of - the repair of levees along the 7 
9 Mississippi River between St. Louis, Mo., and Cairo, Ill., and during the winter 
he was engaged in miscellaneous office work in Chicago. poke 
sie ‘Mr. Blunt was extremely thorough ‘and careful in his work, and r remaine d 
active and energetic until eight days before his death, which was due to pneu- 


monia following a cold. made loyal friends wherever he was located, prey 


_ enjoyed nothing more than an evening at cards or r story- telling. He | has been 
characterized | by one of his friends as “a rare raconteur tempered by the fire 


of a crusader ; a bon vivant tempered by a fine estheticism; a true friend, ‘ae 


_ ei Mr. | Blunt was twice married, first, in 1874, to Frances Sydney Gibbs, of 


- ¢ Toledo, Ohio, who died in 1907, and then, i in 1909, to Helen Elizabeth Norton, 


Mr . Blunt Royal, Arch Mason and a Charter Member of the Royal 
of Cleveland. He w as a member of the American Association 


Engineers and also of the Ww estern Society Engineers. At the monthly 
_ luncheons of the M. I. T. Club of Chicago, | he was usually the oldest graduate 


Mr. Blunt was elected a Member of the American Society of Civil Engi- | 


WALTER WOODBRIDGE CLIFFORD, M Am. Soc. CE. 


aol Walter Woodbridge | Clifford was s born on on ‘February 15, 1888, at Wiscasset, { 
" Me. His parents died when he was a small boy, and he went to Hyde Park, 

Mase., » to live with his uncle and aunt, who raised him. He attended the 
public schools of that city and was graduated : from the Hyde Park High School 
in 1905. He then entered the Massachusetts Institute of Technology at Cam- 

m _ bridge, Mass., receiving his degree of Bachelor of Science in the Department 

¥ of Civil: Engineering i in 1909. _ While in attendance at the: Institute he was a 


| a member of the Civil Engineering Society, and ‘took an active interest in 
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MEMOIR OF “WALTER WOODBRIDGE 
In the summer of 1909, following his Clifford was in the 
* service of the old Harbor and Land Commission of Massachusetts, as Surveyor _ 


in connection with the proposed dredging of harbors along the “Massachusetts 


Coast. In the fall of year he returned to the Massachusetts. Institute 
of Technology as an As sistant in the Department of Civil Engineering, where - 
4 he ‘remained for two years. i During the summer of 1910 he was employed as 


- Resident Engineer by the Aberthaw Construction Company, which was build- 
4 ing a conerete stand-pipe for the Town of WwW esterly, R. I. 
a 


= i! After two years of teaching, he entered the employ ie” ai United State 
Forestry Service as a ‘Hydraulic Engineer, but he’ remained in the Service ba 
4 a few ‘months. From May to September, 1912, he was employed by” 
Metcalf wall Eddy as ‘Resident: Engineer in charge of the water supply and 


"sewage disposal of the new Technology summer surv eying. camp, which was a2 
then ‘being built at East ‘Machias, Me. On the completion of this work he 
employed for a few months by the U. S. ‘Navy Department, at t the Charles- 
1913, Mr. Clifford entered the Engineering Department of Stone and 
Webster, Incorporated, and was assigned to the s staff selected for the 
ing design of the 1 new Technology buildings a at Cambridge. “ He did some valu 
able work i in the solution of many. difficult problems w Ww hich arose in connection - 
oe with the foundations and superstructure of these buildings. a In 1915 he was 
. employed | as a Structural Engineer by Densmore and Le Clear, ‘and remained — ; 
with this architectural f firm for about two years. From 1917 to 1921, he was 
the Harry M. Hope Engineering ( Company, first, as Chief Draftsman, 
and, later, as Designing ‘Engineer on on many important structures, among " hich © 
was the > large plant of the United Drug Company, at St. Louis, Mo. ‘gaan oo 
rom 1921 until his death, which occurred suddenly from heart failure at 


his office in Boston, Mass., he had been associated with Mr. S. G. Roeblad, — 


under the fir firm name of | Clifford and Roeblad, Consulting Engineers. The prin- | 
cipal work of this “organization consisted in designing industrial plants and 
4 j garages, and. acting in the consulting capacity of structural engineers 1 for archi- 
tectural firms. Mr. Clifford” was engaged personally as an expert in Coun 
“proceedings, and also as arbitrator in connection with the interpretation of 


He was a member of the Boston Society of Civil Engineers and the. Amer- © 
ican Conerete was the ne recipient from the Society of the 

e for Juniors, for his paper, “A. Reinforced Concrete Stand- __ 

pipe. in the Boston | Society of Civil Engineers, 
_ having served o on 1 many ae its committees. _ He-was Chairman of the Designers 


Pi sea in 1923 and 1924. At the time of his death he was Chairman of the 
| Welfare es and was a candidate for Director of the Society. 
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fEMOIR OF CHARLES ‘FREDERICK Ww FELT 


Soe. E., he had recently published a textbook entitled, “Reinforced Conere 


crete 

Design,” which was very favorably received. bi fo. to bis 

re = _. Not only was Mr. Clifford active in the affairs of his profession, but he also 
generously of time to Hyde Park Lodge, AL F. and A M., and Christ 
Protestant Episcopal) Church, of Hyde Park, of which he was a member. 


the time of his death he held the office of. J unior Warden in each of - 
ie _ He was also a member of the Aleppo Temple Shrine e of Boston. 1 
was a. Director i in the ‘Hyde Park Young Men’ ‘Christian Association. 
a In 1912, he \ was as married to Helen Edelmer Mooar, by whom he rot a 
He also leaves two children, James and Deborah, as well as an _ only brother 7 


living in California. 


_ Although of an pnisesdming ‘disposition, Mr. Clifford took an active part 


the various | organizations with which | he was connected, and was sought 


tie ) 
out by them for office on account of his fine executive ability. A man of a accom- 


- plishments, ‘and a true Christian gentleman, Walter Clifford will be missed by @ 
Mr. ‘Clifford was elected a Junior of the American Society of Civil Engi- 


: neers on November 8, Rena: ‘an Associate Member on J January 15, 1917; and a 


Bie 


Charles Frederick’ Wilson Felt was born on April 29, 1864, at Salem, m, Mass. 


af CHARLES FREDERICK WILSON. 1 ELT, M. Am. Soe. ©. E.* 


He was a descendant of George Felt, who, with John Endicott, came to fin 


in September, 1628, and founded, on June 24, 1629, the Town of Charlestown, 
ip Mass. (mow a part of Boston), , named in honor of Charles. the First. ity aid 
ui The history of New England records the activities of this family and te 

branches in the settlement and development | of the region centering around - 


= Casco Bay a1 and Boston. One of Mr. Felt’ 8 antecedents was Captain John Felt, 


who bore an honorable part | in the War of Independence. against the British, | : 


: particularly against the latter’ 8 aggression at No orth River 1 Bridge, ead 
.° wherein they demanded the store of cannon held by | the Colonists, on February 

a, 26, 17 75, lmeaeietes in a melee, “which may be justly recorded the first blood — 


ON in 1859, ‘spent many years on the invention of a typesetting 

‘machine. Later, he > became an author and publisher in Worcester, Mass. He . 
c ‘married Martha Seeth Ropes and three children were born t to this union. se 
= bx The early years of Charles Frederick Wilson Felt were spent with rela- 
is tives at Salem, and at Elizabeth, N. J., because of the death of his mother. 7 
Es Later, he resided at | Danvers, Wakefield, Harvard, and Northborough, Mass., — 


_ with his father, who had re- married. As a young man he worked on farms 


-  ® Memoir prepared by a Joint Committee of the Society and the Western Soc. of Engrs. 


consisting of G. W. Harris and C. A. Morse, Members, Am. Soc. c. E., and J. de N. Macomb, 
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OIR OF CHARLES F FREDERICK WILSON FELT - 


“near Southborough and Bolton, tom, . attending neighboring schools, one 
_ menting family funds with his own efforts, and helping to pay his way through — 


He graduated with the degree of Bachelor of Science from 
Ma ssachusetts College of Agriculture at Amherst in 14 


Work was then his desire and necessity. In September, 1886, he turned 


teat 


> 


to the West where a an era of railw: ay construction bee koned. | He found his 
first position as an 4 Axeman on the Atchison, Topeka Fe Railway, 
_ which at that time had an active program of expansion under way in the 
of Kansas and Color ado. In connection, and, subsequently, while 


with the Denver and Rio Grande, Arizona and Eastern, and the, then, , Santa — 


Fé line from Nogales to Guaymas, Mexico, he held the various positions that . 


a to a young g engineer engaged in pioneer railway location and construction. >, — 
“In May, 1890, he returned to the Santa Fé Company as Resident Engineer: 7 

a Galveston, Tex., where he remained until J uly, 1892. bal Following a brief © 

_ service on the Rio Grande Southern Railway in Colorado as Office Engineer, 7 
he a again returned to the Gulf Lines i in February, 1893, as ‘Division Engineer, 
and in “May, 1893, he Ww as ‘appointed Resident Engineer of the same line at 
Galveston. While thus employ yed, the ‘Texas Railroad Commission, under the 

so-called Stock and Bond Law, made a valuation of the Gulf Lines of the: 


‘Santa Fé Railway i in which his w ork, ‘on behalf ¢ PF the, the Railway Company, pin 


In September, 1896, Mr. Felt was ‘appointed Chief Engineer of the ‘Gulf, 


and Santa Fé Railway Company, with headquarters at Galveston. 
Shortly thereafter, the Company undertook an extensive program of recon- 


‘ty 


struction and improvement work, which was planned and executed under his 
direction. _ Also, under his supervision, several hundred miles of extensions 
were constructed — in 1 the States of Texas, | Oklahoma, and Louisiana. Durin ool 


sions the States of Texas and Oklahoma, ‘as well. as the needs vot the 
x In November, 1909, Mr. Felt was appointed Chief Engineer | of The Atchi- t 
a son, Topeka and Santa Fe Railway Company, with headquarters: at Topelta, 
Kans. placed him in charge of ‘directing the engineering features in 


connection 
Western Lines of the Santa Fé System. of ‘track = 


j 


terminals and shops were were strengthened 


In April, 1913, he was appointed Chief Engineer of “entire Santa 
1 


System, with headquarters at Chicago, Ill. He brought to thin last assign- x 


ment | an ability enriched with experience a a ina high degree of | engineering 


skill. In this position he had charge of all engineering, construction, and 
valuation work. This embraced the standardization of methods and plans, 
boats use and service of materials and appliances, the development — 
_ treatment, the location a and construction of f extensions to e existing lines, a 


the supervision of e engineering matters on the entire system. 
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MEMOIR OF FRANK JAMES HUBBARD 


extensions and new the System to more than 800 


During this time, also, ‘there was ‘initiated completed the inventory, 


; pricing, , conferences, and hearings arising out of the Federal Valuation Act. 


Mr. Felt’s: special qualifications a and zeal peculiarly fitted him to co- “ordinate 
and direct this work. It is worthy of recital that when he first entered its 
employ, the ‘Santa Fé operated 5 848 miles of road, which, by the close of 
his service, | had increased to 12349 miles of main line and ‘rslel lines an nd 


1724 miles of second track, to which increase oe given his best efforts— — - 


Mr Felt was a Member a Past Vice- .-President of the Western’ 
of Engineers. © He was a Charter | Member : and ‘Past- -President of the American - 

4 ailwa ngineering ssocia ion, in the work of which he too can active part. 
Railway E yA tion, in the work of which he took 


He: was also a member of the American Railway Association, American Rail- a 


way Guild, and Past- President of the Chicago Engineers’ Club. | 
He was affiliated with, and was Past-President of the Trustees of, the Hyde 


Pa Park Presbyterian Church, in Chicago, at the same time retaining his member- 7 
ship in the First Presbyterian Church, which he joined i in December, 1893, uel 


Galveston, where the funeral and interment were held. 


‘The following i is quoted from a resolution of the Board of Directors The 


February 7, 192 
“Resolved, That the Directors express: their great sorrow in the death on 
4 —_— 4, 1928, of C. F. W. Felt, System Chief Engineer. * * * Mr. Felt’s” 
engineering experience included surveys, location, construction, maintenance, 
and all engineering problems involved in operation. His ability and his thor- — 
ough | knowledge of engineering, and broad experience, his kindliness to his 
associates and his fairness in dealing with public authorities, won for him the 
highest respect and consideration of all. Every one who knew Mr. Felt loved 


him and feels in his death a personal 4: 


_ He was married on April 6, 1904, to Clara C. Root, of Galveston, who sur- 
- vives him. He is s also 0 survived by one brother, Dr. E. Porter Felt, of Nassau, 
N..Y., two half- Felt, Mass., , and Benja- 


— he — Mr. Felt was elected a Member of the American Society of Civil Engineers — 


c. Frank J ames Hubbard was born on February 24, 1868, in ‘Plainfield, N. J a 
He was the son of J oseph A. and Charlotte Elizabeth (Robertson) Hubbard. He 
from the Plainfield High School of 1887 
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Memoirs.) MEMorR OF FRAN NK JAMES HUBBARD 
after his graduation spent nearly three years: on ranch in for 


From 1 1889 to 1893, Mr. ‘Hubbard wa was eagid in the office of the County 


of ‘Union County, New Jersey, on highway construction, surveys 
for the mapping of. Lapeer ‘County, Michigan, and also in. charge of street 


‘paving in Olean, N. Y. The following year he was a Special Student in the = 


_ Massachusetts Institute of Technology, at Cambridge, Mase, after which he 

entered: the employ of the City of Plainfield as Assistant Engineer on the 

of its sewer system, serving in in that capacity | until 1896. 


At the conclusion of his” ‘engagement with the City of Plainfield, Mr. 
Hubbard private practice, in which he was engaged until the time 


ot his ‘death. | During this period he ‘designed | a sewer system for the Village 


f Sea Cliff, Long Island, : served as. Borough Engineer of North Plainfield, 
, fro 1897 to 1912 and from 1920 to 1926, and as County Engineer _ a 


County, from. 1897. to 1911, “designing and supervising the 
struction of bridges and paving. _ In 1903, _ he designed and installed a water-— 


works system for ‘Alfred, N. Y. , and, from 1 1915 to. 1927, held the office of 
Borough Engineer” of Dunellen, . Just prior to his death he completed ‘ 


— the work of designing a aden over a stream dividing the municipalities o of 
| 


Plainfield and North ‘Plainfield. ail ot Sy a 
‘Hubbard ‘was a member of the Union County Chapter of the New 
Jersey Society of Professional Engineers, the Engineers’ Club of Plainfield, 

“and the Rotary Club of Plainfield, of which he was a Charter Member. O12; nS. > 


ell He served the community in . which he lived in many positions of f responsi- 


‘bility: and trust and will ever be remembered for his interest and services in 
eivic affairs. He was a member of the Board of Education from 1915— and 
"served as its President from 1923 until his death. this period, he 

- superintended the erection of a number of the finest ‘school buildings i in the — 
which work he was fitted by his engineering training 


™ During his life Mr. Hubbard gave -much time aiid attention to Muhlenberg qq 
Hospital ; he was a member of its Board of Governors for nearly a quarter 


ofa century and its President for. four years. - He also took an active interest — 
in the building of the newer and larger fireproof structures of this institution, 


administers the endowment funds of that denomination. 


& In 1897 » Mr. Hubbard was 5, married to Bessie Evelyn, ‘Titsworth who sur- 


_ Mr. Hubbard was was elected a Member of the American Society ivi 


on April 12, 
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“MEMOIR OF euonan NAUMAN 7 


f 


alt ‘Dip Septem BER 28, wot ORAL 
_ George Nauman w was born at Lancaster, Pa., on June 20, 1870. He was 
-_ & ‘ prodvatedl from Lehigh University i in 1890 with the degree of Civil ‘Engineer. 
In September, 1890, he entered ‘the service of the Pennsylvania Railroad 


Company as a Rodman in the Engineering Department. was successively 
a promoted to the grades of ‘Transitman i in September, 1890, Assistant Engineer a 
in February, 1899, and Assistant to the Chief Engineer in July, 1918, which : 


position he held at the time of his: death. | 


In his various capacities, Mr. Nauman had a wide experience in ‘railroad 


location and construction. It was in the latter work. that he found the most | . 


enjoyment during his very useful life. An executive, a worker, a co- ordinator, 
mas a doer, he was most content when handling and expeditiously completing 
the many large construction projects: that were under his supervision, iu 
_ Among the larger projects constructed under his direction, “were the  Dela- 
ware River Bridge from Philadelphia, Pa., to Delair, N. J.; the famous Rock- 
Bridge across the Susquehanna Hives, at Pa.; Shocks 
Mills Bridge across, the Susquehanna River at Shocks Mills, Pa.: the 
tracking of the Northern | Central Railroad from York Haven to Marysville, 
Pa.; the Enola Yards, near Marysville, ‘Pa.; the Northumberland Yard, North-— 
umberland, Pa.; the Montgomery Bridge at Montgomery, Pa.; the 
Division improvements, including the Rockland and Kennerdell T unnels 3 the 
Buffalo Division improvements between Oil City and Corry, Pa.; ‘the Garden-_ 
ville engine facilities, near enn N. Y.; the additional engine facilities at - 
and Shire Oaks, Pa.; ; the improvements, Pittsburgh, Pa., 
including the Northside track elevation; four-tracking, Pittsburgh to Sharps: 


burg, Pa.; and the new Sharpewure Yard and Engine Terminal ; the Beck's 


many minor railroad improvements, including grade-crossing eliminations and 


r. Nauman’ executive ‘superiors held him high recogniz- 


ing his excellent, judgment and abilities. = ‘He enjoyed the social side of life 


during his active career, many friends who always” appreciated his 
ready wit and repartee. ‘His wise counsel a and ‘sympathetic nature won 


Pitteburgh., addition to these projects he planned and 


him the affection of his subordinates who appreciated their contacts with such 


a fine outstanding | character. ‘ The profession has sustained a real loss i in the Hy ) 


passing of Mr. Nauman, a foremost Construction Engineer. 7 
iw 


are He was. a member of the | Engineers Society of Pennsylvania, the Harris , 
a? Club, of Harrisburg, a nd the University Clubs of Philadelphia, ~ 


. Nauman was | elected a the American Society of Civil Engi- 


W 


by T. P: _Wateon, M. Am. Soc. C. E, 
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‘MEMOIR: OF STURGIS” HOOPER “THORNDIKE 
HOOPER THORNDIKE, M. Am. Soc. C. 


nna (Wells) Thorndike. Rnglish, 
_ died 1 at Little Carlton, Lincolnshire, England, in 1539. His earliest paternal 4 


ancestor in America was ‘John Thorndike, who came from Little Carlton to 


Ipswich, Mass., in 1633, but who to leaving 7 
naternal ancestor 7 


Besex County, ‘to Water tow n, Mass., in 1630, later going to Hartford, 

Conn., and then to Hadley, Mass. 

oa Sturgis Thorndike’s boyhood was spent largely in Boston and in Cam-— 


bridge, Mass. After p prepar ation ata private. school, he entered Harvard 
. lege, where he received his Bachelor of Arts degree in 1890. Later, having: 
decided to follow an engineering career, he entered the Massachusetts Insti- 


“ture e of Technology, from which he was graduated with the degree of Bachelor | —_ 


_ Entering the office of the City Engineer | of Boston i in 1895, at the begili: 7 


‘oe of a period. of notable activity in city: ‘bridge construction, he ‘gained 
during the next eighteen years a broad experience in the ‘municipal engineer 
ing service. of that city, primarily in its bridge building undertakings. In 
he was appointed to the ‘position of. "Assistant Engineer | in charge of 


bridge design. In 1911, on the consolidation of the Engineering, Street, and 
_ Water Departments into the Department of Public Works, he became the 
| Designing 1 Engineer of f the Bridge ax and Ferry Division n of this, the largest of 
-Boston’s municipal departments. In this. position he was in charge of the 


design of bridges and of other municipal structures. i gyling enn 
Among the more important Boston bridges with which Mr. ‘Thorndike had 
engineering ¢ connection, may y be m mentioned the Charlestown, Summer Street, © 


Northern Avenue, Chelsea Street, | Chelsea North, Meridian Street, Broadway, 
and Atlantic Avenue (or Cove Street) Br idges, all « over "tide-water and each 


Bridge), a across Charles River between Boston and’ dge, 


‘the most notable of the bridges” of Greater Boston; and many important — 
bridges on land, spanning railroad locations, 4 
During this period, under leave of absence from the City Engineer during Nd 

‘emt time, Mr. Thorndike served : as s Instructor at the Massachusetts: Institute — 


of Technology i in the scholastic } years of 1904-05 ‘and 1905- 06, teaching arma 


lies, stereotomy, bridge design, and survey digietod ads 


‘Memoir prepared by Frederic H. Fay and M. 
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In October, 1911, he resigned from the position n of Designing of 
= Bridge and I Ferry Division of the he City o of f Boston, to engage for a time in 


ie On Ju aly 1, 1914, Mr. Thorndike joined with Frederic H. ‘Fay, M. a 
Soe. C. former head of the Boston Bridge and Ferry Division of the City” 
of with Charles M. Spofford, M. Am. Soe. the head of the 


Civil Engineering Department of the Massachusetts Institute of Technology, 


in forming the engineering firm of Fay, Stofford and Thorndike. — — 
organization he was an active partner until his death. 


on _ Among the more important engineering projects under the direction of ihe 
firm in which Mr. Thorndike participated, “may be mentioned the design and 


7 y engineering supervision of construction of the Boston Army ‘Supply Base, 
a one of the larger w rater- ‘front terminals built during the World War for the 


use 0 of ‘the United States War Department; the ‘Hampden County Memorial 
Bridge across the Connecticut River at Springfield, Mass. a 


structure of reinforced concrete arches; and the water supply, : sewage disposal, : 


* “mont, , recently built i in . the suburbs of Cincinnati, Ohio. In all these projects 7 


and in many investigations and reports, both engineering and economic, Mr. 


Thorndike’s contributions were valu ed by : reason of his sound judgment and | 


Thoroughness and painstaking analysis were characteristics | of Mr. /Thorn- 
dike’s professional work and, indeed, of whatever he» undertook, , whether within 


or without the field of engineering. . Inheriting, perhaps, | a “legal” ‘mind from : 
his father, who was a lawyer of distinction, he early gave particular attention © 


g oo. to the legal form of engineering contracts, and d although without special legal 
training, he became an authority i in this important branch of engineering 


ow Always” keenly interested in fair play and the advancement of ethical 


” standards, he was a most active member of the Committee of the Northeastern | 
Section of the So ociety which formulated ¢ the Code of Practice, adopted in 1927 


He was long active in a the work o: of the Northeastern | Section of the | Society, 
rs which he was President at the time of his death. 7 For thirty-two years 
| he had been a member of the Boston Society of Civil Engineers, serving on 
“many | of its committees and also as a Director i in 1919 and 1920. He was a 


‘member of ‘the American Water Works Association, the New England Water 
Works Association, , and the American Society for Municipal Improvements. 


‘was a men of the Club of the 


of New York, and the Harvard Engineering Society. He was long a 


ity | Club, as well as s of the Boston ‘Chamber of Commerce. 
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54 MEMOIR OF STURGIS HOOPER ‘THORNDIKE > 


Protestant Episcopal, Chureh and its affiliated ‘interests, part 


his life, equally with his ‘professional work, claimed ‘much of time, 


energy. From his boyhood—for fifty-two years— -when town, 


d his p place in the far amily pew at the histori ie | Ch rist Church in 


tor 
For thirty- five years. he was elected to Vestry, and at 


time was a Warden of that parish, of which he wi as always a ‘most loyal | 
supporter. ‘He was also connected with St. Anne’s Ss Chur ch i in Lincoln, Mass., 
near his: country home, serving on the Vestry there’ and giving to 


Shortly before the war he assisted “organizing the Conference for 
annual gathering ng of workers in Episcopal Church 
"throughout the country and from. abroad. ‘Starting in small way, the 


organization outgrown the "accommodations of “the Har vard Divinity 


years, | in the early summer at Ww ellesley College. F 


~ School, where its | s summer conventions were held for a time, and, in ‘recent af “a 


or many years, 


1g. 


Mr. ‘Thorndike was the managing executive of the ‘through his 


het it was incorporated ; ; and one of the last things he did was to finish 


interests ‘extended to many enterprises : for the betterment of humanity ; 


“he was ‘a member of the Fellowship of Reconciliation and of the Church 
League Industrial Democracy ; he a member the New China 


9 Committee, and the Japan Committee; he was long active in the supp 


P “missionary work i in the Protestant Episcopal Church; and he was a liberal — 


contributor, n not only ‘to church activities, but also to m other good causes. 


For many years Mr. Thorndike made his summer home at Stony Farm, in 
Weston (and Lincoln), Mass., and during the latter part of his life, “Weston 


was his: legal residence. n He was interested in the affairs of the town, but 


= held office until 1926, when he was elected a member | of the Water 


Supply Investigating Committee. — In 1927 he was elected a ‘member of the my 


_ the preparation of a code of practice for the conduct of its business. ity. on wath 4 


One of his chief characteristics w as his love 


arish his fostering care and intense interest. 


of Nature; he was never 


more happy than when he was at Stony Farm. He knew and loved every 


tree on the place and eve every living creature was his and friend. 
ML Monadnock in Southwestern New ‘Hampshire frequently lured him to 
its and for years he was a constant visitor at The 


“$s 
| Taffrey, at the base of this mountain. One of his pastimes, ‘in which he was Ba! 


often joined by his partner, Mr. Fay, was the surveying and 


of the many trails on the slopes" of this beautiful isolated 1 mountain. | 
Mr Thorndike remained a bachelor throughout his life. A loyal ‘thea, 


and delightful comrade, with qualities of § sincerity, ‘unselfishness, and earnest- 

‘ness rarely found , Sturgis ‘Thorndike in his sixty years’ span of | life exerted 


a helpful J sis. among all with whom he came in contact, an ‘influence ms 
Mr Thorndike was elected ‘Member of the American Society of Civil 
Engineers on January 6,1915. 
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HOWARD PAUL BAYLY, Assoc. M. Am. Soc. od 


eg Howard Paul Bayly was born. October 22, 1884, in Washington, Da 
He was educated in the public schools in the District of Columbia, and was 
graduated f from McKinley Manual Training School in 19038. He received © 
_ the degree of Bachelor of Science in Civil Engineering from the George _ = 


Washington University in 1912. at In connection Ww ith his school and college 


7 activities, it should be mentioned tl that Mr. Bayly took a prominent place in 


the field of athletics i in igi of his class gual He was President of the 


in both business tna social activities. 


7 Mr. Bayly had varied experience in engineering ofa laboratory 
: “nature with | Mr. Emile Berliner, in connection with the perfecting of phono- 7 
graph records, in the United States and Canada. _ After his graduation from _ 
University he was connected with the Southern Railway 
Company in construction and engineering work, charge ‘its ‘transfer 
yards at Spencer, N. C6, , and other important projects in the central southern = 
section of the country. a time he was Assistant: Engineer, v with head-— 


‘In 1918 he left the employ of the Southern Railway Company and joined © 
a. contracting : firm, Saville and Claiborne, of Richmond. In connection with — 
*3 this firm’ s work, he was in charge of the residential development which it 
_% was carrying on, and he was also engaged i in water- works ks and sewage disposal : 


charge of a part of the e construction of the cantonment at C 

Lee. Following» the ‘completion of this very important project, he was in 
charge of the DuPont de Nemours housing and industrial project at Hope- — 
well, Va. . After the closing of the war “projects, Mr. Bayly returned to the 
building industry in Richmond in association | with the firm of Claiborne 
and Taylor, Contractors, enl enlarging his activities to include | all branches 

nail In 1923, he left the firm and engaged in business for himself, confining | 


his activities principally | to the very best. grade of residences and to ‘more 


“important individual projects rather than to general development work. be, 


OUR) af 


Mr. Bayly was married on May 7, 1914, to Alice Burritt, of Washington, 


. 


~ 


He was, a member of Dove Lodge No. 10, and M. news of 
sudden death on August 22, 1927, was keenly felt by his many. 


id iates. 


Bayly was an Associate ember ‘of the American Society of 


§. Gordon Dulin, Esq., Charleston, W. Va 
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MEMOIR OF ALFRED LEVY 


% 


FRED ) LEVY, Assoc. M. am. Soe. C. E.* 


his. education in England, after which he an apprenticeship 
from September, 1892, to ‘April, 1899, with wW. ‘Lyall, Civil Engineer, of 


Darlington, » in the surveying and construction of railways, water- -works, roads, 4 
| te. His services were retained by that firm until: April, 1900, when he was 


engaged as Engineer ‘under Sir James Bell the Lancashire, 


Derbyshire, and East Coast Railway, on 
vat if 


April, 1903. Ih May of the ‘same year he w 


ring) at and sent to South Africa ‘under contract as on 
and construction of ‘the Tndwe- Maclear ned (108 miles | int 


te From August, 1907, Mr. Levy was Assistant Engineer Ws the 
- Cape Government Railways under Mr. M. D. Robinson, and was employed on 
the Coastal Section of the Mossel Bay- George Line (334 ‘miles in length). r He a 
7 had charge of a all outside work necessary to complete construction, including * 
"setting out, testing of foundations, and the erection of a steel-pile bridge, 
— 650 ft. long. He subsequently returned to England where he was again e em- 
ployed b by “Mr. W. Lyall, of Darlington. Among other engagements he 


carried ont a sw: vey for reclamation work i in the Tees Estuary for the ~ 


U In January, 1913, he was appointed to the Staff of A. M. Tippett, Engineer- _ 
-in-Chief of the African Railways. He was 


to the Benoni- Welgedacht Line. 
When » the World War broke out in 1914, 7 was employed on the 
survey: and construction (of tl the e strategical line from Prieska to Upington, ir in 
connection with the German Southwest Campaign. During 1915 he was 
for eight ‘months on reparation work, after on the 
| In 1916 he was transferred t to Ladysmith, Natal, to take po the : 
the Passenger, Freight, and ‘Locomotive ‘Yard. . Heavy earth- 
q work was involved as well as a double- track steel bridge over “the Klip River. 
In 1918 he w ent to Johannesburg ai as Assistant Superintendent ‘ef Maintenance. i 
‘The following year year he w Ww as s transferred | to Bloemfontein 2 and East London and ea _ 


Memoir prepared by Jervis Gibbon, Esq., Dist. Engr., South Rys. and Harbors, 
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LFRED LE 


again to Johannesburg. in 1922 in the same capacity _ At the time of h 


death, Mr. Levy had been appointed ‘System Engineer, with headquarters : at 


East London, but had not taken up work. | 


‘for numerous improvements ry ‘the purpose “a eliminating 


_ curves and recentering, to allow for t transition curves on the sections on which > 


the fast trains ran. ‘His reports on engineering ‘work, were concise and his 


He had made a special study of the problem of soil erosion and was most 
successful in 1 the methods: he used for its ‘Prevention. — His estimates for 3 new 

works and programs for re- -laying, ete., of permanent way were most carefully 2 


prepared as to quantities | and prices, and local conditions were always allowed 
for i in the price of labor. He had the faculty of. preparing plans in such a way 


as to convey the information required without. elaborate or superfluous detail. — 


eis _ In making Staff changes, Mr. Levy was most considerate as to educational — 


facilities for the children of the men ‘concerned. Fortunately for the ‘agi 


neering | Profession, he has handed on these splendid traditions to the younger 


" engineers who have had the privilege of w orking with him een 


On December 31, 1912, Mr. Levy was married to Thomas, of 
"Northallerton, Yorkshire, England, who s survives him, together with two chil- - 


dren, a daughter aged 14 and a son aged 11. He was essentially a family man, 
and was devoted to his w vife and children. — 


pre Sp little done, such things to be, rar ih ae 

thou wert strong as thou wert true!” 


Pa Mr. Levy was ‘elected 2 an Associate Member of the American Society of 
Civil Engineers 0 on n December 5, 1911. He was ‘also a Member of the South — 
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